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Abstract 
The system of releasing hand-reared pheasants into large open-topped pens, employed 
in many parts of the UK is a successful method of delivering mature pheasants (with 
some level of adaptation to the wild) for shooting on professionally managed estates. The 
movements and mortality of 486 hand-reared pheasants released into six independent 
open-topped pens over a three-year period were studied with the aid of radio-telemetry. 
The study aimed to accurately document the fate and dispersal of pheasants released 
onto commercial shoots employing full-time game managers in England, and test the 
effect of stocking densities (which were experimentally manipulated across years) and 
other management practices on these things. A better understanding of the movements 
and mortality of hand-reared birds (between the time of release and the start of the 
shooting season) and the effects of common management practices may allow game 
managers to control releases more effectively, to reduce unwanted impacts or to improve 
the efficiency of a release. Whilst pheasant releasing can provide the economic incentive 
for game management that benefits habitats and other wildlife, the negative impacts of 
releasing can outweigh such gains in a variety of circumstances. The Game Conservancy 
Trust identifies a number of key factors or processes underpinning this potential, which 
require further understanding (Sage, 2003). Aspects of these are explored within this 
study. In particular, documenting the movements of pheasants from release sites in a 
variety of circumstances improves our understanding of the potential for released birds to 
encounter sensitive habitats and/or wildlife and hence the opportunity to cause damage. 
I found that the delay between releasing and shooting, necessary to deliver such birds, 
results in depleted numbers of the released birds available to shoot. Steady losses occur 
throughout this period and the extent of mortality varies greatly between release pens. 
The greatest source of non-shooting mortality was mammalian predation, primarily by 
foxes (Vulpes vulpes). The average on-estate shooting return from release pens in this 
study was 30% (36% considering both on-estate and off-estate returns) and this 
compares favourably with other releasing systems employed in Europe and the USA. 
There was no relationship between survival of the radio-tagged birds and stocking 
density; increasing the number of birds released did not increase the number of birds that 
were shot. The proportion of the released cohort that were shot was significantly reduced 
as the stocking density of the pen was increased, however. This suggests that less birds 
could be released to achieved desired bags if all release pens were stocked at lower 
density, but this gain would most likely involve an increase in the number of release pens 
in use, if bags are to be maintained. Survival to the start of the shooting season increased 
with delayed release dates. This suggests that an optimum releasing strategy, in terms of 
survival, would involve delaying the release of birds until late August or early September, 
and leaving a minimum appropriate time interval for birds to mature before commencing 
shooting. This presents logistical problems however, as limited stocks are available in late 
August or early September due to the constraints of the natural breeding season. 
Departure from the release pen occurred 30 days after release on average and was 
affected by the opening of pen gates, which was in turn influenced by the level of stocking 
in some pens. Less than half of the tagged pheasants departed permanently from the 
release area and hens were almost twice as likely to disperse away as cocks. The 
frequency of permanent dispersal away from the release area was negatively correlated 
with the date of release. Hens moved further from the release pen and had greater home 
ranges but stocking density did not affect their movements. Most aspects of movement 
were not influenced by stocking density but the sizes of home ranges for released cocks 
were affected at some sites. The magnitude and frequency of movement from the release 
pen do not present a problem to shoots covering large areas, with the ability to site pens 
away from boundaries but may be problematic when this is unavoidable. Areas where 
supplementary feeding occurred were used significantly more than areas without feeding. 
In a separate side study, the impact of radio-tagging on 10-week old captive pheasant 
poults was assessed and short-term behavioural changes were observed. Elevated 
"comfort" behaviours at the expense of "survival" behaviours did not persist 24 hours after 
tagging. 
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Chapter 1: Introduction 
Releasing hand-reared pheasants is a common management practice employed 
wherever the demand for pheasant shooting exceeds the levels sustainable by wholly 
wild populations (Robertson & Rosenberg, 1988). In the UK, releasing underpins most 
shooting activity, primarily because of long-term declines in wild game associated with 
agricultural practices (Potts, 1980; Stoate, 1996). Despite this dependence upon 
releasing, particularly pheasant releasing, the fate and movements of reared birds 
beyond the release pen has been the subject of few scientific studies. Chapter 1 of this 
thesis reviews the practice of releasing pheasants in the UK, its significance to the 
shooting industry, and the current understanding of the ecology of reared pheasants. 
The taxonomy of pheasants and a history of their introduction to the UK are covered in 
the first section of this chapter along with some background on the basic ecology of 
pheasants. The second section presents a brief review of the shooting industry and the 
importance of the pheasant as sporting quarry. The practice of pheasant releasing is 
detailed in the third section along with information on the relative importance of releasing 
as a management tool. Current understanding of the differences between reared and wild 
pheasants are reviewed in the fourth section and finally the potential impacts of pheasant 
releasing on other wildlife are considered in the fifth section. 
Natural history of the pheasant 
Taxonomy 
The common pheasant (Phasianus colchicus) belongs to the large Order known as 
Galliformes, alongside partridges, guinea-fowl, turkeys, grouse, quail and megapodes 
(Cramp & Simmons, 1980; Johnsgard, 1999). Further classified as belonging to the family 
Phasianidae, the common pheasant is one of 67 species of pheasant within 22 genera 
that form the subfamily Phasianinae (Robertson, 1997; Madge & McGowan, 2002). Whilst 
many pheasant species are in need of conservation action (Collar & Andrew, 1988; Fuller 
& Garson, 2000), others, like the common pheasant, are of commercial significance in 
relation to agriculture and hunting for sport (Aebischer, 1997; Tapper, 1999). 
The original introduction of P. colchicus to Britain involved the sub-species P. c. 
colchicus, known as the English or black-necked pheasant (one of around thirty sub-
species) (Yapp, 1983) but over the centuries several other sub-species have also been 
established. The Chinese ring-necked pheasant (P. c. torquatas), the Prince of Wales 
pheasant (P. c. principalis), the Mongolian pheasant (P. c. mongolicus) and the 
Manchurian pheasant (P. c. pallasi) have all been introduced into Britain. More recently, 
the Japanese green pheasant (P. versicolor) has also been introduced. Over the years, 
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many of these different strains have freely interbred to the extent that there are almost 
certainly no pure pheasant races remaining in existence in Britain (Lever, 1977; Hill & 
Robertson, 1988a; Robertson, 1997). 
The term 'pheasant' is used throughout this thesis to refer to P. colchicus subspecies and 
hybrids with Phasianus versicolor, wild or hand-reared. Those that are hand-reared and 
released for shooting form the focus of this thesis and their study usually involves an 
understanding of their introduction history. 
Natural range and introduction in the UK 
The natural range of P. colchicus extends across much of temperate Asia (Hill & 
Robertson, 1988a; Madge & McGowan, 2002) but introductions by man to nearly 50 
countries outside of this native distribution (Long, 1981) have resulted in an almost 
worldwide presence (Madge & McGowan, 2002). European pheasants exist largely as the 
result of introductions: a consequence of their commercial value (Bijlsma & Hill, 1997). 
While it has been suggested that the pheasant was introduced as a captive animal to 
Britain as far back as Roman times, the available evidence indicates this might not have 
happened until the 12th Century (Rackham, 1986; Tapper, 1999) with pheasants breeding 
in the wild by the 15th Century (Lever, 1977; Yapp, 1983). 
Modern status and ecology in the UK 
Britain supports the highest pheasant population of any European country as a 
consequence of the game (shooting) interest (Bijlsma & Hill, 1997). Although large wild 
populations of pheasants do exist in the UK, numbers are greatly increased in autumn 
with the release of hand-reared birds by the shooting industry (Robertson, 1993). 
Pheasants are reasonably sedentary and wild birds normally remain within 5km of their 
hatching place (Ridley, 1983; Gatti et al., 1989) but there are two periods of local 
movement; autumn when they congregate in wintering areas and spring when dispersion 
into breeding sites occurs. Habitat quality can influence dispersal in pheasants and their 
survival (Krauss et al., 1987) with poorer habitat leading to lower survival and increased 
dispersal. The timing of this study will coincide with the reported autumn movements, 
prior to the start of the shooting season. If such movements occur in released stock, this 
may account for a proportion of the released cohort that does not contribute to the 
shooting bag (as they have dispersed away from the areas driven on shoot days). Both 
the sedentary nature of the birds and the frequency of dispersal from the release area will 
be examined in Chapter 5 of this thesis along with the role of habitat. 
Pheasants are gregarious throughout the autumn and winter. Several studies have 
shown some level of sexual segregation during this period with single sex groups 
observed (Ridley, 1983; Hill & Ridley, 1987) though others have found such behaviour 
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less prevalent, observing mixed sex loose flocks, with only partial sexual segregation 
(Gates & Hale, 1974; Robertson, 1986). It has been suggested that density of population 
and the amount and distribution of habitat available may influence segregation, with 
males and females preferring different habitat types, if available (Hill & Robertson, 
1988a). The density at which pens are stocked in this study will be manipulated and the 
influence this may have on habitat use and movement of released birds will be examined 
in Chapter 6. In most parts of Britain, woodlands provide the main wintering areas for 
pheasants; grass filled ditches and dykes being used instead in treeless parts of eastern 
England (Robertson et al., 1993a). 
The habitat needs of reared pheasants in autumn and on through winter are comparable 
to those of wild pheasants. The basic requirements being a warm area providing shelter 
from wind and rain, a place in which to hide from predators (shrubby cover), a suitable 
place to roost at night and a source of food (McCall, 1985). Studies of winter habitat 
selection have demonstrated that pheasants in Britain select certain woodlands 
preferentially (Robertson et al., 1993a). The highest pheasant densities can be found in 
small woodlands rich in shrubby cover between 1 and 2m in height, particularly when this 
shrubby cover is on the woodland edge, where pheasants spend the majority of their time 
(Robertson et aL, 1993a). Robertson et aL (1993a) also found that woods with a suitable 
food source (typically grain supplied by a gamekeeper) were favoured by pheasants. 
Management for released pheasants includes provision of shrubby cover along woodland 
edges and provision of food (see page 8) and the use of these habitat types and the 
influence of food provision will be investigated in Chapters 5 and 6. A number of studies 
have observed differences in winter woodland selection between sexes, supporting the 
old adage that 'some woods are good for cocks whilst others are good for hens'. Though 
findings have not always been congruent, Robertson & Woodburn (1988) did find that 
male density was influenced most by the provision of food in a wood, whereas the 
presence of a shrubby vegetation layer was affecting female density. This conflicts with 
the findings of Swenson (1978). In his study of Norwegian pheasants, females were more 
influenced by feeding sites than males. Differences between male and female released 
birds in relation to habitat use with and without resources will consequently be analysed 
within this thesis. 
In late winter/early spring, the habitat usage changes with the onset of the breeding 
season and males begin to occupy territories along woodland edges bordering open 
ground (Lachlan & Bray, 1976; Woodburn & Robertson, 1990; Grahn et al., 1993). 
Pheasants are polygynous and their breeding system is termed 'territorial harem defence 
polygyny' (Taber, 1949; Ridley & Hill, 1987). This system is quite rare in bird species 
(Oring, 1992) and involves males holding specific territories that they must defend from 
other males; consequently, the fittest males only acquire territories. Territorial males 
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display to females who then select a male and in selecting a good mate select a good 
territory (Woodburn & Robertson, 2000). Several females may select the same male and 
as a group, or harem, the females are attended by the male and mate with him whilst in 
his territory. The females benefit from the vigilance of the territorial male whilst they are 
feeding and some protection from harassment by other males (Kozlowa, 1947; Ridley, 
1983). 
Territory selection by males is based on the provision of food and cover in an area, with 
the highest densities of territorial males being found along woodland edges rich in 
shrubby cover bordering arable land (Robertson et al., 1993b). The shrubby cover 
provides shelter and protection from predators (Lachlan & Bray, 1976) and the open 
arable areas are important feeding sites. Pheasants feed predominantly on growing 
shoots and seeds in spring (Farkas, 1983) and are more abundant on fertilized arable 
crops than elsewhere at this time (Draycott et al., 1997). 
Non-territorial males can be found when all available territory sites have been occupied 
i.e. when the number of males in an area exceeds the number of available territories in 
that area (Robertson & Woodburn, 1990; Robertson et al. 1993b). They range over larger 
areas than territorial males (Goransson, 1980; Ridley, 1983) and are commonly seen 
further from cover in loose flocks, behaviour that may decrease the predation risk of an 
individual through increased vigilance as a group (Ridley, 1983). 
Female pheasants disperse from the wintering areas slightly later than males (in March or 
April) either individually or as a small group, often comprising hens from the same 
wintering flock (Ridley, 1983; Hill & Robertson, 1988a). Prior to selecting a mate, the 
females will cover large areas spanning the territories of several males, settling in one 
area by mid April. The role of the quality of habitat in a male's territory when it comes to 
female selection of a mate is not clear, but there is evidence to suggest that the quality of 
the male himself influences the female's choice (Goransson et al., 1990; Hillgarth, 1990). 
Pheasants are ground-nesting birds and females will select nest sites in a variety of 
habitats, with a preference for woodland and shrubs early on in the season and for cereal 
fields later in the season (Hill & Robertson, 1988a). After laying a clutch of 10-12 eggs on 
average, females alone incubate the eggs for about 25 days (Robertson, 1991a). During 
this period, they are exposed to predators and other hazards and nest success, though 
variable from one site to another depending on management, is often very low 
(Robertson, 1991a). In many parts of the UK, even where habitat conditions are suitable, 
wild productivity is too low to support free-living populations (Robertson, 1991a; Tapper, 
1999). Predation by foxes (Vulpes vulpes) is often the major cause of death at this time 
(Goransson & Loman, 1986; Hoodless et al., 1999; Sage et al., 2001). 
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Upon hatching, pheasant chicks are sustained for a short period on yolk remnant and 
must then seek alternative nutrition (Westerkov, 1957). The hen leads her chicks to 
suitable feeding areas and periodically broods them until they are able to maintain their 
own body temperature (Hill & Robertson, 1988a). Insects are a protein-rich food source 
crucial to the chicks at this stage and when the hen is not brooding, the chicks forage for 
food. Harsh weather conditions can bring about longer spells of brooding thus reducing 
the chick foraging times and increasing losses during this critical period (Hill, 1985; Hill & 
Robertson, 1988b; Robertson, 1997). Offspring remain with the hen for 9-12 weeks by 
which time they are independent, but the association between a female and her brood 
may persist as winter flocks form (Hiatt & Fisher, 1947; Gates, 1971). 
Shooting pheasants 
History 
It is likely that pheasants were originally introduced to Britain to be farmed directly for the 
table and were not used as quarry (Hill & Robertson, 1988a). However, since the 16'h  
century, with the development of the practical firearm (Longrigg, 1977), gamebirds have 
increasingly attracted the attention of hunters. The native grey partridge (Perdix perdix) 
was the mainstay of the shooting industry in the British lowlands at this time (Tapper, 
1992). In late Victorian Britain as the design of firearms evolved, reduced reloading times 
and weights, increased reliability and cheaper ammunition made the 1900's shotgun 
much more effective (Robertson & Rosenberg, 1988). Such developments were 
instrumental to the establishment of modern driven shooting; the ability to fire many shots 
in rapid succession led the sport away from small scale walked up shooting toward the 
driven shoot, with the emphasis on hitting many targets and achieving large bags, as 
opposed to the generation of targets at which to aim (Tapper, 1992). Considerable 
management effort was channelled into conservation of large stocks of grey partridge for 
shooting. Although grey partridges were, therefore, very common and supported much of 
this shooting, wild breeding pheasant became an increasingly significant component of 
the bag (Tapper, 1988; 1992). By 1900, pheasants contributed about 15% of the annual 
harvest of gamebirds in the UK (Tapper, 1999). 
During the 20th century, user-friendly shotguns became more widely affordable and 
shooting became accessible to those outside of wealthy landowners and participation in 
the sport increased. This trend has continued to such an extent that today there is a large 
market for selling individual shooting days to a wide range of interested parties, with over 
700,000 people participating in 1996 (Cobham Resource consultants, 1997). Similarly, 
during this period, the number of hand-reared pheasants released in Britain has 
increased dramatically (see Figure 1.2, page 11). 
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In 1988, hand-reared pheasants constituted about 55% of the annual harvest (Tapper, 
1999) equating to about 12 million birds. Today it may be more than this, with most of the 
remainder being released red-legged partridges (Alectoris rufa) (Aebischer, 2003). 
This increase in releasing has not been a response to increased levels of shooting, 
however, but a response to the decline of wild game in the lowlands in the second half of 
the 20th century. The wild grey partridge decline in response to agricultural changes 
(Potts, 1980; Stoate, 1996) has been particularly dramatic (Figure 1.1 below). Today this 
bird is only available for sustainable shooting in very small numbers on a handful of 
estates (Tapper, 1999). 
Figure 1.1: Number of grey partridge (Perdix perdix) released (bars) and their decreasing 
contribution to the shooting bag (dots). Source: National Gamebag Census Data 
(Aebischer, 2003). 
Strategies for harvesting wild gamebirds vary with different management objectives, but 
usually revolve around obtaining maximum long-term yield (Robertson & Rosenberg, 
1988). The annual release of hand-reared birds to supplement natural productivity 
artificially enables the shooting of very large numbers of birds (Robertson & Rosenberg, 
1988). The ability to produce pheasants almost on demand, has contributed to the status 
of shooting as described in the following section. 
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Shooting today 
Today, the revenue from sold shoot days (also termed 'let' days) has become 
increasingly important as an alternative to the minimal returns of lowland agriculture 
(Piddington, 1980). The economic viability of this alternative land-use has given rise to an 
increase in the number of shoot days organised and sold. Ultimately, shotgun technology, 
increased sporting interest, the desire for big bags and the potential financial returns from 
shooting have given rise to an estimated 1.1 days of participation in countryside sports, 
per adult per annum in the UK. The billion pound shooting industry is a vital component of 
the rural economy involving a little over half of all agricultural landholdings in Britain and 
directly employing 12,500 people (Cobham Resource Consultants, 1997). 
The pheasant open season runs from 1st October to 1st February and shooting generally 
takes one of two formats: 'rough' (also known as walked-up) shooting or, more 
commonly, 'driven' shooting. The former involves individuals walking up and flushing their 
intended quarry whilst the latter consists of a group of 'guns' or shooters being 
strategically positioned whilst gamekeepers or a line of 'beaters' actively flush birds over 
the stationary guns. 
Cobham Resource Consultants (1997) estimates 704,000 individuals participate in some 
form of game shooting today. British law allows anyone (with the permission of whoever 
owns the shooting rights to the land) to hunt game. This has not always been so. Charles 
II, for example, allowed only the richest 5% of landowners to hunt even on their own land 
(Robertson & Rosenberg, 1988). Such changes in the level of participation are the 
product of social developments, technological advances and shifting rural landscapes 
(Piddington, 1980; Cobham Resource Consultants, 1997). 
For those managing shoots in Britain, the rearing and releasing of gamebirds forms an 
attractive method of providing quarry and around 85% of all shoots practice some level of 
releasing (Cobham Resource Consultants, 1997). The proportion of wild birds in the 
harvest is not known; Robertson & Dowell (1990) suggested that around 30% of the 
pheasants shot each year were wild but it is now likely to be considerably less with 
Tapper (1999) suggesting as little as 10% of the bag originates from wild stock. 
Populations of wild gamebirds, at levels that can sustain shooting exist only in the drier 
arable areas of the UK, such as East Anglia, parts of central southern England, North 
East England and the Scottish Lowlands (Tapper, 1999). These regions are still 
dependent on releasing to some extent and other areas (including the area in which my 
study sites are located) are wholly dependent on releasing. 
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Releasing pheasants 
Gamebird rearing and releasing is not unique to Britain and may be driven by one of 
several motivations. In some instances hand-rearing forms part of a conservation action 
plan (Ridley, 1986; Assink, 1993), while in parts of the USA releasing pheasants in the 
spring is a strategy employed to boost the breeding potential of wild populations (Ellis & 
Anderson, 1963; Haensly et al., 1985). Here in Britain, a system exists whereby young 
gamebirds, primarily pheasants and red-legged partridges, are released in large 
quantities each summer (alongside smaller numbers of grey partridge) as a means of 
artificially elevating the number of birds available for harvest during the winter shooting 
season (Tapper, 1999; Woodburn, 2002; Aebischer, 2003). 
In late summer each year, around 20 million hand-reared juvenile pheasants are released 
into the British countryside to supplement wild stocks for shooting (Tapper, 1999) and the 
number of released pheasants can exceed 20 birds per hectare of estate (Ludolf et al., 
1989b). It is clear that understanding the fate of these released birds is of great 
importance not only to monitor the impact they may be having on the environment into 
which they are released but also for the welfare of the pheasants themselves. The 
majority of these birds are hatched from eggs carried in mechanical incubators and are 
reared in closed pens, often on grass and with night huts, without the presence of adult 
birds (Game Conservancy, 1996). 
After 6-8 weeks (between late June and September), the poults are transferred to large 
open-topped release pens, usually situated in woodland, sometimes on the woodland 
edge. Release pens range from as little as 0.1 to several or even 10 hectares in size and 
have wire mesh sides typically 2.5m high. Strands of electric fence to deter mammalian 
predators often surround them. Release pens afford a secure environment within which 
the young birds acclimatise to their new habitat. In particular, they give the birds the 
opportunity to adapt to roosting in the lower branches of trees, thus avoiding the attention 
of ground predators, especially foxes. The timing of the release is aimed at ensuring that 
birds are mature and fully adapted to their environment by the time shooting commences 
in late October or early November (Game Conservancy, 1996). 
Following release, a gamekeeper typically supplies food, water, and a level of predator 
control. Habitat management, such as the planting of cover crops may also take place. 
Released birds are able to depart from the pen by flying through the open tops and can 
re-enter through one-way gates at ground level. Wing-clipping at the time of release 
ensures the poults remain within the relative security of the release pen for several weeks 
before dispersing out into areas that will ultimately be 'driven' on shoot days (Game 
Conservancy, 1996). 
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This method of releasing pheasants into large open-topped pens from which ground 
predators have been excluded was developed in Britain by The Game Conservancy Trust 
and others and is used almost universally in the UK (Game Conservancy, 1996). The pen 
enables the released poults to adapt to their new surrounds in relative security. Such an 
approach may differ somewhat from the type of releasing associated with a conservation 
action plan but one aim remains common: to produce birds that will survive and flourish 
post-release (Woodburn, 2002). Understanding the behaviour of pheasants post-release 
may in fact provide useful insights for releasing programmes contributing to conservation 
management plans. 
Based on the Game Conservancy Trust's National Gamebag Census (NGC), which 
compiles data provided voluntarily by several hundred shooting estates, the proportion of 
released pheasants that are actually shot is, on average, about 40% of the release 
(Aebischer, 2003). This is not a good estimate though as it is based on the total number 
of pheasants shot (which may include wild birds and birds released on other shoots) as a 
proportion of the number released and in any event, game managers (who provide the 
data) have a vested interest in achieving high return rates. For a shooting estate, this 
return rate is of great importance. It will vary enormously, however, from one site to 
another (Robertson, 1986; Robertson et aL, 1993a). The 40% return figure in Britain 
compares favourably with return rates using other release methods elsewhere in the 
world. In the USA where birds are often released straight from cages into the wild in the 
days prior to shooting, with no attention to feeding or predator management, returns 
indicate poor survival in the range 2% - 30% over a similar period of release (Burger, 
1964; Hessler et al., 1970; Haensly et aL, 1985). In France, Mayot (2003) found that large 
open-topped pens, or `English' pens as they are termed, produced a return of shot birds 
35 % higher than the equivalent French method which entails the release of between 10 
and 100 pheasants into small closed-topped pens for around a week, before being 
`trickled' out in small batches. Though the current approach to releasing in the UK may be 
preferable to other approaches, there are still unanswered questions such as what 
happens to the 60% of released pheasants that, on average, is not shot? This question 
will be addressed in Chapter 4 of this thesis. 
The number of release pens and the levels at which they are stocked on a shooting 
estate can vary greatly. Sage et aL (2005) estimate 19 million pheasants are released 
into 9000ha of release pen (1% of the total woodland area) in England. The Game 
Conservancy Trust suggest that 700 birds per ha of release pen is an appropriate 
stocking level (Sage & Swan, 2003) but releases in the order of 8000 birds per hectare of 
release pen, have been documented (Ludolf et al., 1989b). The mean stocking density 
reported in Sage etal. (2005) based on 1988 data was 2250 pheasants per hectare of 
release pen. The authors noted however that more recent (unpublished) data gave rise to 
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a mean stocking density of 1800 birds per ha. How the number of birds used to stock a 
pen will affect the fate of the birds is not known. There is some evidence that large brood 
sizes or densely populated natal areas will bring about elevated dispersal from a natal 
area in other species of bird (Greenwood et al., 1979; Kenward et al., 2001b) and the 
effect of stocking density on frequency and distance of dispersal from the release pen will 
be tested in Chapter 6. The stocking density may also have impacts on the survival of 
birds particularly in terms of predation levels. Kenward et al. (2001a) observed the 
number of released pheasants killed by buzzards increased with the number of 
pheasants in the pen although this did not contribute significantly to their model once 
other pen variables (i.e. size of pen and vegetation cover) were considered. In addition to 
accurately documenting all causes of mortality for released pheasants, the hypothesis 
that higher levels of stocking will bring about higher levels of predation will be tested in 
this thesis. 
Developments in poultry science have facilitated the economic mass production of 
gamebirds that now takes place. Prior to technological advances such as the 
manufacture of incubators, efforts were focused on managing wild populations (Game 
Conservancy, 1996). Figure 1.2 (overleaf) illustrates the changing trends in pheasant 
releasing in southern England over the last 45 years alongside the changing pheasant 
bag. The graph indicates the increasing trend in pheasant releasing, which is not 
matched by a similar rate of increase in the pheasant bag. 
The figures suggest there has been a levelling off in the total pheasant bag, despite the 
levels of rearing continuing to increase since the mid 1990's. This could be explained in 
part by the decreasing contribution of wild birds to shooting bags but may also indicate a 
decrease in the efficiency of the releasing process, or a plateau in the returns that can be 
achieved irrespective of the scale of release. This data has further fuelled interest in the 
issue of releasing efficiency and highlights the need to better understand what happens 
to the released pheasant population that does not get shot. 
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Figure 1.2: Increasing levels of (a) pheasant releasing and (b) pheasant contribution to 
the bag over time. Number of sites contributing, ranges from 66 to 172. Bars represent 
95% Cl. Source: The Game Conservancy Trust's National Gamebag Census (Tapper 
1992 updated; see also Aebischer 2003). 
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Do reared birds restock wild populations? 
Proportions of released pheasants survive the winter shooting season and may go on to 
attempt breeding alongside wild populations in the following year (see Chapter 4). Thus, 
they have potential to restock wild populations (Woodburn, 1999b). The performance of 
these surviving released birds has been the subject of considerable research (Hill & 
Robertson, 1988a; Brittas et al., 1992; Leif, 1994; Woodburn, 1999a; Woodburn, 1999b). 
This has largely been a response to the observation that generally, increases in releasing 
(see Figure 1.2, page 11) have not led to increased populations of wild birds (Woodburn, 
1999a). 
In theory, pheasant releasing can benefit wild game in three ways. It can restock wild 
populations by increasing the breeding productivity of free-living populations (Robertson, 
1997). It can also encourage the creation and management of habitats that help wild 
game and other wildlife (Cox et al., 1996; Howard & Carroll, 2001). Thirdly, it can provide 
the economic incentive for employing a gamekeeper to undertake predator management, 
which can reduce predation upon wild stocks (Tapper, 1999). However overstocking with 
release birds can also suppress wild productivity (Robertson & Dowell, 1990; Robertson, 
1994) and cause negative ecological effects both on habitat and directly on other wildlife 
(Sage et al., 2005) as detailed in the following section of Chapter 1. 
The proportions of released pheasants surviving the winter shooting season and 
attempting to breed alongside wild populations in the following spring, remain largely 
unknown. Female pheasants nest on the ground and after laying the clutch they incubate 
eggs for about 25 days (Robertson, 1991a). During this period they are exposed to 
predators and other hazards and nest success, though variable from one site to another 
depending on management, is often very low (Robertson, 1991a; Woodburn, 1999a). In 
many areas, wild productivity is too low to support free-living populations (Robertson, 
1991a). Predation by foxes is frequently the major cause of death (Goransson & Loman, 
1986; Hoodless et al., 1999; Sage et al., 2001). 
Hand-reared females that survive the shooting season have a lower probability of 
breeding successfully than wild ones (Jarvis & Engbring, 1976; Hill & Robertson, 1988b; 
Robertson & Dowell, 1990; Brittas et al., 1992; Lief, 1994; Sage & Robertson, 2000; 
Woodburn, 2001a) and thus the poor breeding performance of pheasants in the UK is 
due in part to the predominance of released birds in the population. One reason for this is 
the particularly poor survival of released birds in the year after release (Hill & Robertson, 
1988b; Brittas et al., 1992; Leif, 1994). In a review of radio-tracking data for over 250 
reared or wild female pheasants, Robertson (1994) found that before and after nesting, 
reared birds were at least five times more likely to die than wild birds. During nesting, 
Robertson (1994) and Sage et al. (2003) found no difference in survival but Sage et al. 
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did find reared birds were more likely to abandon nests than birds of wild provenance. 
Moreover, there is no evidence to suggest that released females are less likely to attempt 
to incubate a nest than wild ones (Hill & Robertson, 1988b). 
Increased susceptibility to parasites due to high densities (Woodburn, 1999a; Draycott et 
aL, 2000) and poor adaptation by gamebirds to a diet of wild foods after rearing on 
commercial feeds (Putaala & Hissa, 1995; Putaala, 1997; Liukkonen-Anttila, 2001) may 
also lead to poor survival and breeding in released birds compared to wild ones. In areas 
where there is any wild productivity that may be depressed in the presence of released 
pheasants, it is clearly of interest to monitor the number of hand-reared birds that survive 
through the shooting season to the breeding season the following spring. This study will 
document the proportion of surviving reared birds on typical lowland shoots in England. 
Impacts of pheasant releasing on wildlife 
High winter pheasant densities in woodlands are associated with hand-reared pheasants 
(Robertson et al., 1993a) and with an estimated 20 million of these pheasants released 
annually in Britain, it is reasonable to question the impact that pheasant releasing may be 
having on the wider environment. A number of studies have attempted to document the 
impacts, both positive and negative, and this continues to be an area of research interest. 
The Game Conservancy Trust, in particular, is currently exploring the relationship 
between the number of pheasants released per unit area and biodiversity within that area 
(Sage, 2003; Hoodless & Draycott, 2005; Woodburn & Sage, 2005). 
Aside from the suggestion that released pheasants may somehow suppress biodiversity, 
other management practices associated with pheasant releasing may also be cause for 
concern. There is however, evidence to suggest that management for game, which 
involves a combination of habitat management, winter-feeding and predator control, may 
benefit wildlife such as farmland passerines (Stoate & Szczur, 2001; Hoodless & 
Draycott, 2005). In fact, several aspects of habitat management for game have been 
highlighted in terms of their potential conservation benefits. 
The planting of game cover crops, for example, is beneficial to some species of farmland 
songbirds, providing a source of food over winter when alternative food sources are 
scarce (Brickle, 1997; Parish, 2002; Stoate, 2002a). Woodlands associated with pheasant 
releasing can also be a haven for wildlife (Woodburn & Robertson, 1990). Woodland 
areas specifically managed for pheasants have significantly higher numbers of butterflies 
and more species of butterflies (Robertson et al., 1988; Ludolf et al., 1989c). This has 
been attributed to the creation and management of wider rides and a more open canopy 
that permits light penetration and is ultimately beneficial to both pheasants and many 
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species of woodland butterflies. Clarke & Robertson (1993) also established that woods 
with pheasant release pens have higher rates of colony survival for some species of 
fritillary butterflies when compared to woods that are not managed for game. These 
findings countered earlier suggestions that predation by pheasants was a cause of 
decline in some British butterfly species (Corke, 1989). It has also been suggested that 
the creation of the type of habitat required by pheasants (woodland with open areas, 
shrubby edges and low cover) would also benefit declining woodland species with similar 
habitat requirements, such as the nightingale (Luscinia megarhynchos) (Robertson, 
1992). 
Negative sides to pheasant release pens in woodland have, however, been documented. 
A 1989 study examining the ground flora in and around release pens found that soil 
enrichment and physical trampling altered the composition of the ground flora in and up 
to 15m outside of release pens (Ludolf et al., 1989a; 1989b; Sage et al., 2005). The data 
from these studies also suggests that the higher the number of pheasants released in an 
area, the greater the impact on the ground flora. The potential impacts of pheasant 
releasing were considered with respect to the management of woods with high 
conservation value. Where woods have been designated as Sites of Special Scientific 
Interest (SSSI), there is a legal obligation to report any 'Operations Likely to Damage' to 
Natural England and aspects of game management such as the construction of pheasant 
release pens are considered to be such operations (Sage & Swan, 2003). 
Other aspects of management such as supplementary feeding and predator control may 
also have positive effects for species other than the pheasant. Areas of farmland with 
predator control have seen increased breeding success in some songbird species (Stoate 
& Thompson, 2000) though changes in habitat during the period of predator control may 
be responsible for the observed trend. 
Other possible effects of releasing large numbers of pheasants into the countryside 
include the provision of additional food resources for predatory or scavenging species 
such as foxes, buzzards (Buteo buteo) and red kites (Milvus milvus). Whether the 
increased availability of food during the release period actually leads to improved 
breeding or survival, and therefore increased densities of these species is not clear. 
Reynolds & Tapper (1995) reported that fox bags in different areas of Britain have 
remained closely linked to the intensity of pheasant releasing. Although there is no hard 
evidence that increased pheasant releasing leads to increases in fox densities, fox 
breeding success or cub survival, the number of pheasants that are not returned in the 
shoot bag annually represents a significant additional food resource for foxes and it is 
certainly plausible that winter fox survival may be increased as a consequence. Reynolds 
& Tapper (1995) suggest that this additional resource would be enough to sustain one 
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extra fox per 2.5 km2 for the year. High fox bags in areas where high levels of pheasant 
releasing are taking place may be a reflection of these areas having higher levels of 
game keeping but the direct impact of the additional food resource may also explain the 
data. 
Pheasants routinely feature in the diets of both red kites (English Nature, 2002) and 
buzzards (Kenward et al., 2001), though Kenward et aL, (2001) found that high levels of 
pheasant predation by buzzards occurred at only a small number of sites where factors 
such as ground cover, canopy cover and density of release facilitated pheasant 
predation. There is some suggestion however that red kites are more dependent on 
pheasants as a source of food. Studies suggest pheasants account for 25% of the food-
remains found at nest sites (English Nature, 2002) and there are anecdotal reports of red 
kites using release pens as feed areas. This suggests that the releasing of pheasant 
poults annually has the potential to significantly affect the breeding success of this Amber 
listed species of conservation concern. 
The increased densities of pheasants associated with releasing may also lead to 
parasite-mediated competition with other bird species. One such relationship has been 
cited as one reason for the decline in the grey partridge population (a Red listed species) 
over the last 50 years (Tompkins et al., 2000; 2002). Pheasants may also act as 
reservoirs of diseases that may be transmitted to a host of other species of birds too, 
pheasants are vulnerable to Trichomoniasis for example (Game Conservancy, 1990), 
which can be transmitted to passerines. 
Overstocking with hand-reared birds is known to suppress productivity in wild pheasant 
populations (Robertson & Dowell, 1990; Robertson, 1994) and the maintenance of high 
levels of pheasants for shooting may also lead to overshooting of less common species, 
incidental to the bag. Although a clear link to pheasant releasing has not been made, the 
decline of the grey partridge has been linked to over-shooting where red-legged 
partridges are released for shooting (Tapper, 2001). 
The ongoing speculation regarding the negative impacts reared pheasants may be 
having on the release environment and other wildlife (Sage, 2003) highlights the need to 
understand the movements of hand-reared birds in full, once they are released. Potential 
areas of conflict may be resolved with a better understanding of how far and when the 
birds disperse from the release site. 
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Conclusions 
Though not native to Britain, the pheasant is clearly a very important part of the British 
countryside for both economic (shooting) and ecological reasons. In recent decades, the 
economic focus has been steadily moving from wild populations toward hand-reared 
pheasants, with much of the shooting industry dependent on released pheasants for 
quarry. The principle of releasing and methods of doing so are well established, yet less 
than half of the estimated 20 million pheasant poults that are released annually can be 
accounted for in shooting bags. Although this compares favourably with other releasing 
systems elsewhere in the world, knowledge concerning those birds that are not shot is 
currently lacking and this study aims to build up a better understanding of the fate of 
released pheasants. 
The literature highlights potential conservation benefits from management associated with 
releasing pheasants but there are also negative impacts both documented (such as 
decreased productivity in wild pheasant populations) and under investigation at this time. 
An accurate understanding of the movements and mortality of released pheasants may 
provide a basis for efficient releasing. More efficient releasing would in turn contribute to 
minimising the potential negative impacts on the release environment and vulnerable 
wildlife and would have direct commercial benefits for shooting estates. Studying the 
movements of released pheasants and the way in which they use the available habitat 
will also enable potential conflicts to be addressed. For example, are game cover crops 
effective at holding birds or are woodland edges and hedgerows of high conservation 
value used more frequently than the game crops? 
The release of pheasants takes place across a wide range of releasing densities, with 
figures as high as 20 birds per ha of shooting estate being recorded, and anecdotal 
reports of even larger scale releasing taking place. An appreciation of how the stocking 
level affects movements and mortality could, again, maximise the efficiency of releasing 
and contribute to best practice. 
Research has established the type of habitat that wild pheasants typically utilise and 
there is clearly a relationship between habitat quality and the movement of pheasants in, 
for example, the breeding season. The role of habitat quality in dispersal and survival of 
pheasants following release, however, remains largely unexplored and this study will 
address this issue. 
The impact of other management associated with pheasant releasing (particularly 
provision of food) on movement and mortality is also inadequately understood. 
Understanding the role of management and developing efficient releasing is in the 
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interests of both the shooting industry and those concerned with the impact hand-reared 
pheasants may be having on the wider environment. 
In light of the increasing rates of pheasant releasing, with insufficient understanding of the 
fate of released birds in a variety of circumstances, this study aims to document: 
. Levels and causes of mortality within the released population 
. Actual return rates 
. Levels of movement away from the release area and habitat use in and around the 
release area 
• The role of food provision in managing the released birds 
• The role of pen management (stocking levels, quality of habitat etc) in managing the 
movement and mortality of the released pheasants 
The following chapter details the general methods used to investigate these points, with 
more information on specific hypotheses tested and analyses details provided in the 
relevant chapters. Pheasants have been the focus of much published work and radio-
telemetry was used as a source of information for a number of these studies to observe 
behaviour, survival and breeding success (Brittas etal., 1992; Wilson et al., 1992; 
Sodeikat et al., 1995; Gabbert etal., 1999; Hoodless etal., 1999; Smith etal., 1999; 
Sage et al., 2001). In each case, there is an assumption that tagged individuals are 
representative of the population as a whole i.e. that the radio-tags do not affect the 
behaviour of the pheasants being studied. This hypothesis will be tested in Chapter 3. 
Chapter 4 details the fate of released pheasants in this study and tests the hypotheses 
that management can influence levels and causes of mortality. Chapter 5 reports 
frequency of dispersal from the release area, the distance and direction of movement 
from the release area and how released pheasants use the available habitat. Chapter 6 
then examines the effect of management on movement in terms of pen management and 
feeding. Finally, the findings of this study are discussed in Chapter 7. 
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Chapter 2: Study areas and general methods 
Most of the data analysed in this thesis was generated from radio-telemetry of sample 
populations of hand-reared pheasants released at six study sites in each of three years. 
In order to investigate the role of stocking density the size of release was manipulated 
over this three-year period whilst other aspects of management remained constant 
(details of which were recorded and will be incorporated in appropriate chapters). This 
chapter provides general methodological information relevant to all subsequent chapters. 
The first section of this chapter describes the participating study sites and the second 
section elaborates on the marking and monitoring methods that facilitated the recording of 
dispersal and mortality in released pheasants. The third and final section expands on the 
experimental manipulation designed to assess the effect of different stocking densities on 
the movements and survival of released birds. Further methods specific to particular data 
and methods of analysis are described later in relevant chapters. 
Study sites 
Six sites were required to implement an experimental manipulation of stocking density 
(see Table 2.3, page 39) and the locations of the chosen study sites in southern England 
are illustrated in Figure 2.1 with details of each in Table 2.1 on page 33. 
Figure 2.1: Location of the six areas used for fieldwork throughout the study. 
Many large pheasant shoots exist in central southern England and the pheasant 
population in this area is largely sustained by releasing (Tapper, 1999), making it ideal for 
studying hand-reared pheasants released onto shooting estates. All six study sites were 
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situated in one region to minimise the variables associated with geographical location 
such as climate diversity. The study sites are all professionally organised shoots 
employing full-time gamekeepers. This set-up is typical of many shoots in the UK, and 
one frequently associated with large-scale pheasant rearing and releasing. A number of 
conditions were stipulated whilst assessing potential study sites, as outlined below. 
• Sites had to possess release pens located in woods within mixed farmland. 
• The game managers had to be willing to manipulate the size of the release into one 
pen, whilst other aspects of management remained constant. 
• The site owners had to permit access several times weekly from July through to 
November and less frequent access through the shooting season. 
• The game managers had to agree to record the occurrence of wing-tags in the bag 
on shoot days. 
The selected sites met these conditions and their geographical proximity enabled the 
necessary and time-consuming fieldwork to be completed. The number of pheasant 
release pens on the estates ranged from 6-26 and just one from each site was selected 
for use in the study, thus maintaining independence between study pens. Each of the 
pens selected was located within woodland and used to release typically 800-1200 
poults annually. Figures 2.2a to 2.7a illustrate the location of the study pen (marked in 
red) within each study area, and provide an overview of the broad habitat types across 
the six study sites. Figures 2.2b to 2.7b illustrate the distribution of habitat managed for 
pheasants within the study areas. Study areas include some land beyond the releasing 
estate's boundaries (where access was permitted), as they were defined by the location 
of radio-tagged birds throughout the study. For analysis purposes, the study area was 
defined using a buffered minimum convex polygon of all recorded locations of radio-
tagged birds. A buffer of 165m (the median move length of radio-tagged birds prior to the 
onset of shooting) was added, to incorporate areas that were potentially available for use. 
19 
0 	0.5 	1 
Kilometres 
Study area; habitat types 
❑ Arable 
• Cover crop 
▪ Pasture 
El Roads/Tracks/Built-up 
▪ Scrub/margins 
III Study pen 
M Water 
▪ Woodland 
Figure 2.2a: Map of study Site 1, illustrating broad habitat types and location of the study 
pen. 
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Figure 2.2b: Map of study Site 1, illustrating the distribution of habitat managed for 
pheasants (shaded green) 
21 
0 	0.5 	1 
Kilometres 
Study area; habitat types 
❑ Arable 
IN Cover crop 
II Pasture 
❑ Roads/Tracks/Built-up 
▪ Scrub/margins 
▪ Study pen 
MI Water 
▪ Woodland 
Figure 2.3a: Map of study Site 2, illustrating broad habitat types and location of the study 
pen. 
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Figure 2.3b: Map of study Site 2, illustrating the distribution of habitat managed for 
pheasants (shaded green) 
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Figure 2.4a: Map of study Site 3, illustrating broad habitat types and location of the study 
pen. 
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Figure 2.4b: Map of study Site 3, illustrating the distribution of habitat managed for 
pheasants (shaded green) 
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Figure 2.5a: Map of study Site 4, illustrating broad habitat types and location of the study 
pen. 
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Figure 2.5b: Map of study Site 4, illustrating the distribution of habitat managed for 
pheasants (shaded green) 
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Figure 2.6a: Map of study Site 5, illustrating broad habitat types and location of the study 
pen. 
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Figure 2.6b: Map of study Site 5, illustrating the distribution of habitat managed for 
pheasants (shaded green) 
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Figure 2.7a: Map of study Site 6, illustrating broad habitat types and location of the study 
pen. 
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Figure 2.7b: Map of study Site 6, illustrating the distribution of habitat managed for 
pheasants (shaded green) 
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Pheasant releasing is just one aspect of the shoot management undertaken on the 
estates; all six sites are professionally managed to provide a season of 'driven' pheasant 
(and in some cases red-legged partridge) shooting. There are typically between 20 and 
45 days shooting between November and February, with 7 to 15 of those days involving 
the area immediately surrounding the release pens used in the study. Though some of 
this shooting is retained for landowners, much of it is sold commercially, and the 8-10 
`guns' purchasing the shooting, may be seeking bags of up to 300 pheasants per day. 
The demands of the shooting at the six sites, which is dependent on the large-scale 
release of pheasants, also gives rise to a number of other management practices. These 
activities are broadly similar across the six sites, with each undertaking: 
• Predator control 
• Supplementary feeding 
• Water provision in release areas 
• Planting of game cover crops 
Predator control at the sites takes the form of snaring and shooting of foxes, the setting of 
Fenn traps targeting stoats (Mustela erminea) and weasels (Mustela nivalis), and Larsen 
traps for corvids. Though the extent of these practices varies between sites, the 
management effort at any given site remained constant for the duration of the study, as 
did the shooting pressure. All release areas are furnished with food hoppers and in 
addition, the gamekeepers scatter feed along rides and cover crops in areas from which 
the birds will be driven on shoot days. Predator control, supplementary feeding, supplying 
water and planting cover crops are all standard management practices associated with 
pheasant releasing (Game Conservancy, 1996). 
Pheasant releasing, according to the methods described in Chapter 1 (page 8), takes 
place between late June and August each year. The number of birds released on the 
study sites was consistent across years and along with a summary of other site features, 
can be found in Table 2.1 overleaf. 
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Site 
1 2 3 4 5 6 
Size of estate 
(ha) 1600 1150 1400 730 1500 1700 
Estimated 
woodland (%) 29 21 9 32 26 29 
Estimated 
game crops (%) 1 1 1 2 0.3 3 
Birds released 
per ha of estate 9 19 8 11 Unknown 16 
Ha of estate 
per full time 
keeper 
800 400 700 700 500 600 
Number of 
shoot days 45 45 26 20 27 41 
Table 2.1: Summary of the six study sites (locations illustrated in Figure 2.1, page 18). 
Throughout this thesis the term "release area" is used to describe the release pen itself, 
the area immediately around the release pen that is managed for the pheasants and any 
cover crop associated with the release pen. The exact size of the release area varies 
between study sites. 
Marking and monitoring 
Systematic observations of released pheasants are required to establish where and when 
they are moving, where and when they are dying and the causes of any mortality. Such 
observations rely on being able to identify specific individuals over a period of time and in 
general, this may be achieved in a number of ways. The available methods are reviewed 
below and details of the chosen marking and monitoring methods are provided on pages 
35 and 38 respectively. 
Background 
Some avian studies have relied upon natural markings to distinguish between individuals 
(Pennycuick, 1978; Scott, 1978) but the 6-7 week old poults being released onto my 
study sites are not distinct from each other and recognising individual pheasants from a 
specific release pen among up to 25 000 released pheasants on an estate as a whole, is 
not possible. 
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Attaching simple visual markers permits accurate identification of individuals and these 
may take the form of coloured or numbered collars, bands or streamers. Such marking 
techniques have been extensively reviewed (Calvo & Furness, 1992; Nietfield et al., 
1994) and are particularly effective when studying animals that are readily observed in 
the open (Kenward, 2001). A major disadvantage however, when attempting to collect 
systematic data on individuals with visual markers, is the reliance upon actually finding 
the marked population to be observed. This type of approach has been successfully 
employed in the study of pheasants, by Woodburn (1999a) for example who attached 
coloured, numbered 'ponchos' to pheasants to facilitate observations regarding the 
breeding behaviour of birds within a study area. However, even with the addition of such 
visual tags, the volume of released pheasants on the study sites would make it difficult to 
locate marked individuals at regular intervals, and would introduce an observation bias 
towards individuals remaining close to the release site. When attempting to document the 
level of dispersal in released pheasant populations, underestimates would be inevitable if 
visual markers alone were used to establish the location of birds from the study pens. 
Radio-tracking of raptors has also highlighted the underestimation of survival rates when 
visual markers alone are used to monitor survival (Kenward, 1993). Bray (1969) reported 
that just 10% of wing-tagged pheasant remains deliberately placed within 800m of a 
release pen were subsequently located, highlighting the difficulty in documenting mortality 
when relying on visual markers. 
The use of radio-transmitters overcomes the difficulties associated with visual markers by 
permitting individuals to be located irrespective of their visibility (Kenward, 2001). Detailed 
information can be collected from subjects with minimal disturbance and many studies 
have successfully observed pheasants with the aid of radio-telemetry (Hessler et al., 
1970; Warner & Etter, 1983; Snyder, 1985; Woodburn, 1999a; Sage et al., 2001). Radio-
tracking facilitates accurate analysis of survival and habitat utilisation, with the underlying 
assumption that radio-tagged individuals are behaving in a manner similar to non-tagged 
individuals (White & Garrott, 1990). A number of studies have recorded differences in 
behaviour or even survival between radio-tagged and untagged birds (Greenwood & 
Sargeant, 1973; Amlaner et al., 1979; Warner & Etter, 1983; Bro et al., 1999; Kaiser, 
1999). Short-term effects such as increased comfort behaviours (preening or shaking) 
may be a product of the transmitter itself or the handling procedure (Kenward, 2001) but 
are unlikely to impact on behaviour beyond one or two days (White & Garrott, 1990). 
Longer-term effects of the radio-tag can be minimised with well-fitting, inconspicuous tags 
(Kenward, 2001). Details of the radio-transmitters and the way they were used in this 
study can be found on page 36. An additional experiment specifically designed to 
evaluate the impact of radio-tagging on hand-reared pheasants was also carried out. I 
compared the behaviour and condition of tagged and non-tagged pheasants in a 
controlled environment and details of the protocol and results can be found in Chapter 3. 
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Marking procedures 
Between 24 and 30 poults were caught up inside the release pens at each site (aged 9-
10 weeks), up to 21 days after release into the pens. These birds were fitted with 
transmitters. Half of the birds were male and half were female in each case. The delay 
between release and transmitter attachment was necessary to minimise the impact of the 
transmitter. At the time of release, when poults are typically 6-8 weeks old, the radio 
exceeds 3% of body weight and this is widely accepted to be inappropriately heavy 
(Brander & Cochran, 1971; Cochran, 1980; Johnson & Berner, 1980; White & Garrott, 
1990). Furthermore, at 6-8 weeks, the attachment of a transmitter is hindered by the need 
to allow for future growth. Loose fitting of the 'necklace' by which the transmitter is 
attached, to permit such growth, could result in transmitters being dislodged during 
normal activity. Conversely, a closer fitting necklace could negatively affect the birds as 
they grow and result in abnormal behaviour or even mortality. Although not fully mature at 
9-10 weeks, the pheasants are large enough to carry the transmitters and will experience 
little change in the neck size before reaching adulthood, as the majority of growth is 
complete at this time (Westerkov, 1957; Woodward et al., 1977). 
Figure 2.8: A 10-week-old pheasant poult being fitted with a radio-transmitter. 
In most studies of pheasants, birds can be readily caught for radio-tagging using funnel 
traps baited with grain (Taber & Cowan, 1969; Woodburn, 1999a). In my study, the birds 
were still inside release pens at the time of capture and so it was possible to herd birds 
along fence lines into similar traps; cages with 90 x 90 x 45cm frames, with hinged doors 
for removing pheasants and a funnel on the side of the catcher (made of 2.5cm chicken 
wire). The first 12-15 cocks and 12-15 hens to be removed from the cage-trap were then 
fitted with radio-transmitters. A number of studies have made significant observations on 
aspects of pheasant ecology with data from sample sizes of 24-30 pheasants (Warner & 
Etter, 1983; Marcstrom et al., 1989b; Sage et al., 2001; Woodburn, 2001 b). As well as 
this sample being large enough to reflect what was happening within the release as a 
whole, it was also a realistic number of birds to track within the given time constraints. In 
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all, 165 birds were successfully tagged in 2001, 163 in 2002 and 158 in 2003. Table 2.2 
details the tagging at each site. 
Year 
Site 
1 2 3 4 5 6 
No. of birds 
successfully 
tagged 
2001 27 24 30 30 29 25 
2002 24 25 28 29 30 27 
2003 24 25 29 27 28 25 
Date of 
release 
2001 6 July 9 July 31 July 14 Aug 4 Sept 19 July 
2002 26 July 25 June 29 July 14 July 9 Aug 3 Aug 
2003 3 July 25 June 24 July 1 Aug 1 Aug 17 July 
Age at time 
of release 
(days) 
2001 46 45 42 54 49 66 
2002 42 45 42 46 42 63 
2003 46 46 50 45 46 49 
Age at time 
of radio- 
tagging 
(days) 
2001 59 59 72 77 63 66 
2002 63 66 63 71 63 63 
2003 66 67 69 66 67 70 
Table 2.2: Details of the radio-tagging at each of the six study sites in 2001, 2002 and 
2003. 
Two different brands of radio were used in this study. In 2001, the Game Conservancy 
Trust produced the transmitters, based on circuits supplied by a non-specialist electronics 
company Corintech, Fordingbridge (average weight: 17g). The 2001 radios performed 
poorly and consequently in 2002 and 2003 the radios were purchased from a company 
specialising in wildlife telemetry called Televilt (www.televilt.se) and weighed just 10g. 
Both types of radio were very similar in design with an adjustable 'necklace' attachment 
that could be preened into the breast feathers to minimise any movement around the 
neck and reduce visibility. The transmitters were approximately 2.5 x 1.5cm with a whip 
antenna either 30cm in length (2001) or closer to 20cm on the Televilt radios used in 
2002 and 2003. The attachment harness of braided nylon was common to both types of 
radio and could be adjusted to fit at the time of attachment by simply knotting and 
securing with glue. The necklace design can be attached very swiftly, minimising handling 
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time, which could bring about short-term behavioural changes (White & Garrott, 1990; 
see also Chapter 3). Emitting signals between 173.000 and 173.999 MHz (the range 
designated for wildlife telemetry in the UK), the radios had a detection range of 50-500m 
in 2001 and up to 1km in 2002 and 2003. The battery life of all the radios used was 8-10 
months. Due to the difference in radio quality, it is probable that some of the movements 
in 2001 were underestimated; location of the tagged birds was more difficult because of 
the reduced signal range in 2001. Where appropriate in subsequent chapters of this 
thesis, results are presented excluding data from 2001 for comparison. 
At the time of attachment, measurements of body size (weight, tarsus length and head 
length) were taken and a numbered patagial tag was also fitted as a secondary method of 
identifying individuals in the event of transmitters being unrecognisable at a later date. 
In order to quantify accurately the shooting return from the study pen a simple 
identification mark on all the birds in each study pen, which could be detected on shoot 
days, was required. Patagial wing-tags are commonly used on released pheasants to 
gain information on the proportion of released birds being shot and the directions birds 
tend to travel (Game Conservancy, 1990). Several types of patagial tags are available 
from game farm suppliers and plastic 'multi-tags' were chosen. These wing tags are 
attached easily and speedily to the patagium of the wing using a specially designed 
needle-gun, and are available in a range of colours. The birds released into the study pen 
were wing-tagged either on the rearing field prior to being moved to the release pen, or at 
the time of release into the pen itself. In order to differentiate between years, the colour of 
the tags was changed annually, permitting the bag contribution in subsequent years, to 
be assessed. Though all six sites wing-tagged the experimental birds in 2001, only five 
were able to repeat the procedure in 2002 and 2003; thus shooting returns from one of 
the study pens was quantified only from the radio-tagged sample. 
In addition, the birds from one release pen were tagged in both wings. Counting birds 
with only one wing-tag remaining enabled an assessment of tag loss, which made it 
possible to address the anecdotal criticism that multi-tags are prone to drop out and could 
give, therefore, an inaccurate picture of overall return rates. 
In addition to the aforementioned direct quantification of the impacts of radio-tagging in a 
controlled environment (see Chapter 3), I was able to compare the shooting returns of the 
radio-tagged birds to the returns of the study pen as a whole, i.e. the wing-tagged 
pheasants. This enabled me to make some assessment of whether or not the transmitters 
were having an effect on the survival of the radio-tagged birds in my study (following 
release). 
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Monitoring 
Radio-tracking is a proven research tool and its use in wildlife monitoring is widespread. 
The techniques involved have been well documented (Amlaner & Macdonald, 1980; 
Kenward, 2001). Each of my study sites was visited two to three times weekly in the 
period between release and the start of the shooting season, with the aim of locating all 
radio-tagged individuals during the course of each visit. Pheasants exhibit daily 
behavioural patterns, moving out from woodland by day to feed and returning to roost in 
the trees at dusk. Consequently, recording one fix on three separate days each week 
reduced the autocorrelation between fixes; though not independent of a previous location, 
the 24 hours (or more) between visits minimised the level of spatial dependence between 
consecutive fixes. 
The timing of each visit was varied, ranging from 07.00 to 20.00hrs (but always in 
daylight) to avoid any timetabling bias that may arise from collecting data at regular times 
of the day. 
The search strategy involved returning to the pen area at the start of each visit and any 
audible signals were used to pinpoint tagged birds before the search area was widened 
to cover other areas of the participating estates and, in some cases, neighbouring land, 
systematically. 
Radio-tagged birds were located on foot, following the directional signal until within 10-
25m of the bird at which point an estimate of location was obtained by triangulation, if the 
tagged bird was not visible. The positions were recorded, described in detail and later 
mapped onto a Geographical Information System (GIS), MapInfo Professional (MapInfo 
Professional, 2003), containing a digitised base map of the study areas. The GIS also 
contains habitat information, so a vegetation classification is automatically associated 
with each pair of co-ordinates representing the location of a radio-tagged bird. Once the 
location of individuals had been recorded, I walked up to the tagged birds until they were 
either observed or moved away from the noted location. Consequently, deaths were 
quickly detected, thus maximising the chances of being able to assign specific causes of 
mortality and accurate survival times. 
The birds were located less frequently during the course of the shooting season, typically 
once every 10-14 days to avoid disruption to normal shooting activity. The dates and 
locations of any radio-tagged birds being shot were recorded by the participating estates 
(and neighbours) and either gamekeepers or I counted wing-tags on shoot days. After the 
close of the shooting season (February 1st), one final assessment of any surviving birds 
and their locations was undertaken. 
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Experimental design 
In order to investigate the impact of different levels of stocking on the movements and 
mortality of the pheasants on the six study sites, the numbers of birds being released into 
the study pens (independent of each other) were manipulated over the study period. 
Each of the pens was overstocked in one of the first two years and under-stocked in the 
other. A third manipulation of the release was undertaken in 2003. The effect of stocking 
level was not clear from the 2001 and 2002 data, possibly a consequence of poor radio-
tag performance in 2001. Consequently, I exaggerated either the overstocking or the 
under-stocking treatments wherever possible in 2003. External constraints prevented 
such manipulation at Sites 2 and 6 however. Survey work undertaken in 1988 (presented 
in Sage et al., 2005) examined 43 release pens at 43 sites. Pen sizes ranged from 0.05 -
1.93 ha with a mean of 0.49 ha and stocking densities within these pens ranged from 338 
— 4950 birds ha-1, with a mean of 2251 birds ha 1.  The size of the release at each site in 
my study is detailed in Table 2.3 below and reflects a similar spread of pen sizes and 
stocking densities. 
Site 
1 2 3 4 5 6 
Size of study pen (ha) 0.20 0.32 0.45 1.40 0.49 1.28 
Number of pheasants released 
into pen, 2001 1000 1200 1000 800 1150 800 
Density of pheasants per ha of 
release pen, 2001 5000 3750 2222 571 2347 625 
Number of pheasants released 
into pen, 2002 500 600 2000 1600 1600 1600 
Density of pheasants per ha of 
release pen, 2002 2050 1875 4444 1143 3265 1250 
Number of pheasants released 
into pen, 2003 400 1200 500 2000 2000 1000 
Density of pheasants per ha of 
release pen, 2003 2000 3750 1111 1429 4082 781 
Table 2.3: Stocking levels at each of the six sites in 2001, 2002 and 2003. 
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This 'switched' design was the most appropriate experimental approach. Variation 
occurring between sites would have obscured the effect of stocking level had different 
sites been used each year, with a range of stocking densities. Six sites were used 
because similar work suggests that this would provide adequate power for the analyses 
(a pilot year was not a possibility and the data required to undertake a power analysis 
was not available). Two sites were able to proceed with overstocking in 2001 therefore 
four were under-stocked. Under-stocking at each pen in either of the first two years was 
set slightly below the regular stocking level (prior to participation in the study) with the 
overstocking level being roughly twice as many birds as the under-stocked number. Year 
three experimentation served to supplement the year one and two data and provided an 
opportunity to further under-stock or overstock where logistically possible. Small numbers 
of released birds survive beyond the shooting season (see Chapter 4) but most of these 
are caught-up for use as laying stock. Consequently, there are negligible numbers of 
released birds from previous years on the study sites at the time of releasing. 
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Chapter 3: Impacts of radio-tags 
The data presented in this thesis was sourced almost exclusively from observations on 
the behaviour and movements of hand-reared pheasants marked with radio-tags shortly 
after their release into open-topped pens, as described in Chapter 2. A key assumption 
when monitoring any radio-tagged individual is that 'normal' behaviour is being observed, 
i.e. individuals with radio-tags are behaving the same way as they would in the absence 
of the radio-tag. This assumption is particularly pertinent to studies of survival and 
movement. Inappropriate conclusions may be drawn if the presence of the radio-tag 
affects the individual in a way that might compromise their chances of survival or bring 
about abnormal patterns of movement. As my study relied so heavily on monitoring radio-
tagged individuals, it was necessary to examine the possible effects the tags may have 
upon pheasants. 
This chapter therefore tests the hypothesis that radio-tags have no effect upon relative 
long-term survival, or behaviour and condition of hand-reared pheasants in the days and 
weeks following instrumentation. The introductory section below provides some 
background on the potential negative impact of radio-tags and specific examples of game 
and other species, where altered behaviour has been observed and attributed to the 
presence of radio-transmitters. A thorough review of the use of marks and devices on 
birds can also be found in Calvo & Furness (1992). Following this, the second section 
(page 44) details the methods used to assess the impact of radio-tags on pheasants in 
my study. The results are presented on page 48 and finally, the results are discussed in 
the context of this study and other published work (page 57). 
Background 
The use of radio-transmitters permits individual animals to be located irrespective of their 
visibility (Kenward, 2001). Detailed information can be collected from subjects with 
minimal disturbance and many studies have successfully observed many species of birds 
including pheasants and other gamebirds, with the aid of radio-telemetry (Hessler et al., 
1970; Warner & Etter, 1983; Snyder, 1985; Woodburn, 1999a; Sage etal., 2001). 
Some telemetry-based studies have attempted to quantify the impact of radio-tags on 
gamebirds (Boag et al., 1973; Snyder, 1985; Thirgood et al., 1995; Putaala et al., 1997; 
Watson, 2004) but many do not attempt to evaluate any tag effects (Hessler et al., 1970; 
Haensly et al., 1985; Krauss et al., 1987; Leif, 1994; Gabbert et al., 1999; Sage et al., 
2001) whilst making observations on the behaviour of radio-tagged individuals. 
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The potential impact of the transmitter itself on the survival and behaviour of the radio-
tagged individuals cannot be ignored however. There is little consistency in the 
conclusions of those studies reporting on the impact of radio-tag use on the subject 
animals. Some gamebird studies, for example, claim transmitters have little or no impact 
on the study animal (Boag et al., 1973; Hanson & Progulske, 1973; Lance & Watson, 
1977; Hines & Zwickel, 1985; Snyder, 1985; Carroll et al., 1995; Thirgood et al., 1995). 
Many others, however, have observed differences in behaviour of radio-tagged birds 
when contrasted with non-tagged individuals (Greenwood & Sargeant, 1973; Gilmer et 
al., 1974; Erikstad, 1979; Herzog, 1979; Nenno & Healy, 1979; Johnson & Berner, 1980; 
Perry, 1981; Sayre et al., 1981; Warner & Etter, 1983; Hooge, 1991; Bro et al., 1999; 
Putaala et al., 1997). 
The documented adverse effects of radio-tagging can be divided into short-term and long-
term impacts (Tester, 1971; Kenward, 2001) and both may affect survival and behaviour. 
Short-term impacts including increased comfort behaviours (preening or shaking) at the 
expense of other types of behaviour such as alertness or foraging may leave the tagged 
individuals vulnerable to predation thus decreasing their chances of survival (Greenwood 
& Sargeant, 1973; Gilmer et al., 1974; Nenno & Healy, 1979; Sayre et al., 1981). Watson 
(2004) observed such behavioural changes, in grey partridges (Perdix perdix) for 
example, which resulted in decreased survival rates. Other direct impacts of radio-tags 
include transmitters or aerials becoming snagged in vegetation (Dunstan, 1977; Jackson 
et al., 1977), the animal itself may become entangled in the transmitter packaging or 
attachment (Schladweiler & Tester, 1972; Hirons & Owen, 1982; Hines & Zwickel, 1985), 
and chaffing or feather loss may occur (Hessler et al., 1970; Corner & Pearson, 1972; 
Perry, 1981; Wywialowski & Knowlton, 1983; Hines & Zwickel, 1985; Jackson et al., 
1985). 
Radio-tagging has also been shown to increase energy expenditure (Greenwood & 
Sargeant, 1973; Gessaman et al., 1991), cause weight loss (Perry, 1981) and reduce 
agility and mobility (Obrecht et al., 1988; Pennycuick et al., 1989; Putaala et al., 1997). 
These long-term impacts may affect the chances of survival by compromising an 
individual's ability to forage successfully, by increasing susceptibility to disease and by 
reducing ability to escape and evade predators (White & Garrott, 1990; Kenward, 2001). 
Other behavioural differences in instrumented birds have been detected in association 
with reproduction. Ramakka (1972) for example noted decreased courtship activity in 
male woodcock (Scolopax rusticola) whilst others observed decreased reproductive 
success in other species (Massey et al., 1988; Paton et al., 1991; Foster et al., 1992) and 
decreased clutch survival (Amlaner, 1978). However, numerous studies have, in contrast, 
detected no adverse effect on avian reproduction because of radio-tagging (Johnson, 
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1971; Boag et al., 1973; Kalas et al., 1989; Sodhi et al., 1991; Taylor, 1991). It is evident 
that whilst the use of telemetry is extremely widespread in ecological research and indeed 
gamebird research, the impacts of the radio-tags on the reported behaviour of the study 
species are not always clear. 
Experiments designed to detect adverse effects of radio-tagging have focused on bird 
species and there is some evidence of species-specific effects (Caccamise & Hedin, 
1985; Aldridge & Brigham, 1988; Anderka & Anghern, 1992) and transmitter specific 
effects in terms of radio-weight and attachment method (Greenwood & Sargeant, 1973; 
Warner & Etter, 1983; Small & Rusch, 1985; Marcstrom et al., 1989b; Osborne et al., 
1997). The impact of transmitters can be minimised by using inconspicuous, well fitting 
radio-tags of minimal weight (White & Garrott, 1990). According to Johnson & Berner 
(1980) radio transmitters exceeding 3% of body weight could affect the behaviour of 
gamebirds and Marcstrom et aL (1989b) also suggested that necklace radio-tags at 2-3% 
of body weight were suitable for studies of pheasant survival. Whilst such 
recommendations were followed in this study (see page 36 of Chapter 2) the conflicting 
evidence regarding radio-tag effect on behaviour and survival, and the variation in extent 
to which differing species are reportedly affected resulted in the need for a specific 
investigation to assess the impacts of the radio-transmitters used throughout this study. 
Previous avian research has adopted a number of different approaches to assessing the 
effects of radio-tagging, typically attempting to contrast one or more measures of 
behaviour, survival or condition in tagged individuals with some sort of untagged control 
group. Many have attempted to document effects on wild bird populations that have been 
captured temporarily for instrumentation (Carroll, 1990; Thirgood et aL, 1995; Bro et aL, 
1999) whilst others have studied populations in captive environments to overcome the 
difficulties of observing the control (non-tagged) individuals in the wild (Gilmer et al., 
1974; Osborne et al., 1997; Putaala et aL, 1997). 
Few behavioural investigations have examined all aspects of daily activity in a given 
species, instead focusing on a specific behaviour of interest such as pair formation in the 
breeding season (Demers et al., 2003), mean daily movements (Small & Rusch, 1985), 
food intake (Boag, 1972) or flight behaviour (Putaala et al., 1997) for example. The 
condition of radio-tagged individuals can have implications on both survival and normal 
behaviour and is addressed in a number of published studies. An assessment of skin 
condition, feather damage or signs of abrasion from the transmitter or attachment 
mechanism is made by some (Gilmer et al., 1974; Small & Rusch, 1985) whilst others 
record body mass or lipid mass over time (Greenwood & Sargeant, 1973; Marcstrom et 
1989b; Bro et aL, 1999) as indicators of condition. 
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In order to quantify the possible effects of radio-tagging on the short-term behaviours of 
hand-reared pheasant poults and longer-term changes in body mass, I radio-tagged a 
group of hand-reared poults that remained in captivity (in contrast with radio-tagging 
released pheasant poults: reported in Chapters 4, 5 and 6). This would enable me to 
document the behaviours associated with radio-tagging that may decrease an individuals 
chances of surviving, such as increased comfort behaviour at the expense of vigilance or 
feeding. Similarly, body mass measurements will give some indication of the condition of 
the birds, enabling an assessment of the possible long-term effects of radio-tagging to be 
made. In this study, inclusion of a group of birds that are handled but not given radio-tags 
will also enable us to assess whether or not short-term behavioural changes are a 
product of the radio-tags themselves or the handling procedures involved (which are 
common to all marking techniques). 
The direct effect of radio-tagging on survival is difficult to assess in wild populations, as 
the survival rate of non-instrumented individuals is difficult to quantify. Searching for 
carcasses in a given area is one approach to measuring the survival rate in non-
instrumented birds (Thirgood et al., 1995; Watson, 2004). Alternatively, an index of 
survival to the shooting season can be obtained for gamebirds with radio-tags and with 
alternative markings such as wing-tags by examining the proportion of each in the 
shooting bag (Gilmer et al., 1974; Johnson & Berner, 1980; Marcstrom et al., 1989b). 
Consequently, as part of my main study each cohort released into my study pens was 
wing-tagged to facilitate such a comparison of survival rates between the cohort as a 
whole and the sub-sample of radio-tagged individuals. 
The following section details the methods used to undertake such a comparison of 
inferred survival rate as well as providing details of the methods used to study the 
behaviour and condition of captive pheasant poults with and without radio-tags. Following 
the method details, the results section presents my findings, which are then discussed in 
the final section of this chapter. 
Methods 
To assess the impact of radio-tags on (relative) long-term survival in pheasants during my 
main study, I wing-tagged all of the birds being released into the study pens (from which 
the sub-sample of radio-tagged birds were to be selected). This enabled me to compare 
shooting return rates from the pen as a whole to those from the radio-tagged population: 
proportions of each should be similar if the tags have no impact on the chances of 
surviving until the start of the shooting season, assuming the probability of being shot is 
equal in both groups. 
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In addition, I set up a separate experiment in a controlled environment to compare the 
behaviour and body mass of a cohort of captive, hand-reared pheasants with and without 
radio-tags. Some studies have looked at not only radio bulk and weight effects but also 
handling effects in other species (Hill & Talent, 1990; Taylor, 1991) and handling effects 
were incorporated into this study to assess any potential impacts of the radio-tagging 
process as opposed to the effects of the radio-tag itself. 
Study sites and general methods of tag attachment etc. relevant to the collection of shoot 
return data are described in Chapter 2 of this thesis (see page 18). Specific methods of 
study addressing the possible impact of transmitters on survival of released pheasants, 
and possible impacts of transmitters on the behaviour and condition of captive pheasants, 
and analyses relevant to this chapter, are detailed in the following two sub-sections. The 
first sub-section concerning behaviour and condition is subdivided into two areas 
providing details, of how the study of captive pheasants was undertaken and how data 
were collected (Data collection) and how data were analysed (Data analysis, page 47). 
The second sub-section provides details on data collection and analyses pertaining to the 
relative long-term survival of released pheasants with and without radio-tags (page 48). 
Effects on behaviour and condition of hand-reared pheasants in captivity 
Data collection 
72 hand-reared (incubator hatched) pheasant poults were housed within one rearing pen 
(12.2m x 18.3m) with food provided in the form of protein-rich pellets manufactured by 
Dukes & Botley Agriculture Ltd and water provided via an automated drinker system. 
Using standard husbandry practices, the pen was furnished with perches, dust shelters 
and a small quantity of brash. The poults were 68 days old at the start of the study, which 
is comparable to the age of the released pheasants studied throughout this thesis, at the 
time of radio-tag attachment (see Table 2.2, page 36). 
The 36 hens and 36 cocks were randomly assigned to one of three treatment groups so 
that each group consisted of 24 birds with equal sex ratios. The first group of 24 
(hereafter referred to as the "control" group) were marked with identifying wing flashes 
(attached with a metal patagial tag) and colour-coded leg-rings ten days in advance of the 
behavioural study and received no further handling. The second group also received 
wing-flashes and leg-rings ten days in advance, but were subsequently radio-tagged 
(hereafter referred to as the "tagged" group). The tagged group were fitted with lOg 
'necklace' radio-transmitters (approximately 2.5cm x 1.5cm with a whip antenna 20cm in 
length and an attachment harness of braided nylon), supplied by Televilt 
(www.televilt.se). The same radio-tags were also used in the study of released 
pheasants, presented in Chapters 4, 5 and 6. The third and final group of birds (hereafter 
referred to as "handled") were also marked ten days in advance with wing-flashes but 
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were, in addition, handled prior to the observational studies, simulating the radio-tagging 
process but these individuals did not actually receive radio-tags. 
In the 5 minutes immediately following radio-tagging or handling, three observers 
monitored the behaviour of the tagged bird and the handled bird, and a corresponding 
individual from the control group simultaneously. Psion 'Workabout" data loggers (Psion 
plc, London, UK) and The Observer 3.0 software (Noldus, 1991) were used to record the 
duration of the types of behaviour tabulated in Table 3.1 below. The behaviours were 
grouped to test the hypothesis that radio-tags and/or handling would affect behaviour in 
such a way that the duration of comfort behaviours would be increased at the expense of 
behaviours such as feeding and vigilance. 
A second round of 5 minute observations were made one hour after the tagging/handling 
procedure and subsequent 5 minute observations were made daily for a period of seven 
days and then weekly; 14, 20 and 28 days after the radio-tagging/handling procedures. 
Due to time constraints, 20 days after tagging/handling only the tagged and control group 
were observed. A total of 2 hours of observations per group per day were made by 
between one and three observers. A period of observer training was undertaken before 
the start of the experiment to standardise classification of the pheasant behaviours. 
Observations of different treatment groups were split equally between observers to further 
reduce any impact of observer bias and I supervised all data collection to ensure 
continuity throughout. The sequence in which all birds from all three treatment groups 
were observed was pre-determined (randomly assigned) to avoid bias toward 
documenting behaviours when individual birds were more conspicuous and ensure each 
individual contributed one set of five minute observations per day. All observations were 
made from a hide at one end of the rearing pen to minimise any influence of observer 
presence on the behaviour of the subject pheasants. 
Behaviour Category Definition 
"Comfort" behaviours Preening of feathers, feather ruffling, scratching of body with feet or dust bathing. 
Movement Walking, running etc. 
Resting Roosting, sitting or standing stationary. 
Survival behaviours Feeding, foraging, drinking or vigilance. 
Table 3.1: Categories used to classify pheasant behaviours during observations of 
captive pheasants to test the impact of radio-tags and handling on behaviour. 
As a number of studies documented efforts to remove radio-packages by instrumented 
individuals (Perry, 1981; Sorenson, 1989; Hooge, 1991), the frequency and duration of 
46 
any behaviour directed at radio removal (e.g. walking/running backwards) were recorded 
as well as the behavioural categories tabulated above. The persistence of such behaviour 
over the duration of this aspect of the study is tabulated in the results section (Table 3.2, 
page 49). Whilst these behaviours are clearly associated with discomfort, when analysing 
activity budgets as a whole they were included in the behaviour category termed 
"comfort". This is because there is no comparable category of behaviour in the control 
group of birds and attempts to remove the radio were undertaken by tagged individuals in 
order to achieve increased levels of comfort, as were preening, feather ruffling activities 
etc. exhibited in all groups of birds. 
In addition to the behavioural observations, the body masses of all 72 pheasant poults 
were recorded 7, 14, 21 and 28 days after tagging/handling and again after 117 days 
when the now 26 week old birds were removed from the rearing field and radio-tags and 
identification markers were removed. Body masses of the tagged and handled birds were 
also recorded at the time of handling (time zero). The body masses of the poults were 
used as an indicator of overall condition, an approach used by a number of other studies 
examining the impact of radio-tags (Johnson & Berner, 1980; Carroll, 1990; Bro et al., 
1999). 
Data analysis 
Analysis of variance (ANOVA) was carried out in the R software package (R 
Development Core Team, 2004) to examine the effect of treatment group on the 
difference between the final weight recorded and the weight taken seven days after radio-
tagging (weights for the control birds were not available at time zero). Differences 
between the body mass of handled and tagged birds between the time of handling and 7 
days following tagging (the control birds were not handled at time zero and could not 
therefore be included in this analysis) were tested with a student t-test. 
Body masses at 7, 14, 21 and 28 days for all three treatment groups were incorporated 
as the response in a mixed effects model to the test the effect of treatment on the 
condition and growth of birds between 7 and 28 days. Body mass was modelled as a 
function of the continuous variable "days since tagging", grouped by individuals (a 
random effect) and as a function of the fixed effect of treatment group (and the interaction 
between treatment group and time since tagging). The model was fitted by maximising 
the restricted log-likelihood (REML). This approach enabled all of the data to be 
incorporated into one model, with an appropriate number of residual degrees of freedom, 
i.e. taking account of the pseudoreplication of the repeated measures from individuals. 
Non-significant terms were removed from the model and standardised residuals were 
plotted against fitted values to check for normality in the distribution of residuals for the 
selected model. 
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Compositional analysis of activity budgets, as described in Aebischer etal. (1993a; 
1993b) was carried out to assess whether or not the behaviour of the tagged and handled 
pheasants differed from that of the control group. The proportion of time spent in each of 
the behaviour categories (as tabulated in Table 3.1, page 46) were log-ratio transformed 
and simultaneously modelled using a multivariate analysis of variance (MANOVA) for 
each time separately. Multivariate normality was assessed with Chi-square plots of the 
residuals from the fitted MANOVA (Everitt, 2005). Zero proportions cannot be retained in 
the data due to the problem of dividing by zero or attempting to take a logarithm of zero 
when applying a log-ratio transformation. Zeros in this data set were viewed as a failure 
of the sampling regime to detect infrequent behaviour and substituted for a value of 0.001 
(a proportion smaller than the smallest non-null proportion within the data) to represent 
behaviours too infrequent to be detected. Where a MANOVA highlighted significant 
differences in behaviour between treatment groups, indicated by a significant Pillai-
Bartlett statistic (recommended by Hand & Taylor, 1987) additional analyses were carried 
out. The mean difference in log-ratios between first the handled group and the control 
group, and then the tagged group and the control group were compared to assess how 
the behaviour differed for each period. The rank orders of time spent on behaviours from 
those most to those least commonly observed, in comparison to the control group are 
presented in the results section and significant differences are highlighted. 
Effects on survival of released hand-reared pheasants 
As all of the birds released into my study pens were wing-tagged, I was able to compare 
the shooting returns of the pen as a whole (based on wing-tag counts on shoot days) with 
the return rates of the radio-tagged population. A straightforward comparison of the 
proportion of each group that was shot was carried out using a binomial proportions test 
(R Development Core Team, 2004) where the equality of the proportions is tested using a 
Pearson's Chi-squared statistic with Yates' continuity correction applied. This enabled me 
to assess whether or not the fate of the radio-tagged birds (in terms of shooting returns) 
was a reliable reflection of the fate of the study pens as a whole. At Site 3, I wing-tagged 
both wings of the 2000 poults released in 2002 in order to assess the drop out rate of the 
wing tags (presence or absence of two wing-tags were noted on birds retrieved in the 
shooting bag) and thus the reliability of this measure of shooting returns. 
Results 
The following section presents the results of the investigations into the impact of radio-
tagging pheasant poults The first three sub-sections relate to data collected from the 
study of captive pheasant poults concerning behaviour and condition (attempts to remove 
the radio, body mass over time and activity budget). The fourth and final section presents 
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shooting return data. Discussion of all results can be found in the final section of this 
chapter, starting on page 57. 
Effects on behaviour and condition: attempts to remove the radio package 
Table 3.2 below illustrates the persistence of attempts to remove radio-tags up to 28 days 
following attachment. In the five minutes immediately following transmitter attachment 
(time 0 in the table) 58% of the 24 birds were observed attempting to remove the tags, 
which decreased to 42% after a 60-minute time interval. Aside from these observations, 
just two individuals were noted attempting to remove the radio-tag for the remainder of 
the study: one a full day after the tagging procedure and one 3 days after the tagging 
procedure. The duration of the observed attempts ranged from less than 1% of an 
individuals activity budget up to 51% immediately following tagging, and from less than 
1% to 21% an hour later. The other two isolated observations of this behaviour accounted 
for less than 0.5% of the individual's activity budget in each case. 
Time since 
tagging/handling 
No. of birds 
observed attempting 
to remove radio 
Mean % of activity 
budget s.e. 
0 14 12 8.7 
60 minutes 10 6 7.7 
1 day 1 0.4 6.6 
2 days 0 0 0 
3 days 1 0.3 6.0 
4 days 0 0 0 
5 days 0 0 0 
6 days 0 0 0 
7 days 0 0 0 
14 days 0 0 0 
20 days 0 0 0 
28 days 0 0 0 
Table 3.2: Summary of attempts to remove radio-tags observed in the 24 tagged birds 
from immediately after attachment (time zero) to 28 days following attachment based on 
5-minute observations of each individual at each time interval. 
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Effects on behaviour and condition: body mass over time 
The difference in weight gain over 7 days from the time of tagging/handling did not differ 
significantly between the handled and tagged birds (t46 = 0.30, P = 0.77) the mean 
difference being 115g and 119g respectively. 
Similarly, analysis of variance for the body mass changes between day 7 and 117 of the 
experiment demonstrated no effect of group (F2, 69 = 0.44, P = 0.65). Figure 3.1 below 
illustrates the differences in body mass for these two intervals. 
Figure 3.1: Changes in body mass (grams) up to 7 days from the tagging/handling time 
on the left and from day 7 to day 117 on the right. Control group represented by light grey 
bars, handled group represented by dark grey bars and tagged group represented by 
white bars. Error bars illustrate one standard error above and below the mean. 
The non-significant interaction term between time since tagging and group was deleted 
from the mixed effects model, used to analyse the body mass of birds at 7, 14, 21 and 28 
days. The updated model demonstrated slopes by groups were not significantly different 
from each other: comparing the handled group to the control group (t69 = -1.32, P = 0.19) 
and comparing tagged to control (t69 = -0.50, P = 0.62). The mean body mass (grams) for 
each group is plotted over time in Figure 3.2 overleaf. 
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Figure 3.2: Mean body mass (grams) over time for the control (light grey bars), handled 
(dark grey bars) and tagged (white bars) pheasants at 7, 14, 21 and 28 days following 
tagging/handling. Error bars illustrate one standard error above and below the mean. 
Effects on behaviour and condition: composition of activity budget 
Figure 3.3a and 3.3b overleaf (running over two pages) plot the mean proportion of the 
activity budget devoted to comfort behaviours, movement, resting and survival behaviours 
for the three treatment groups at each time interval from the five minutes immediately 
following tagging/handling through to the final observations made 28 days after 
tagging/handling. In each instance, light grey bars represent the control group, the dark 
grey bars the handled group and white bars the tagged group. 
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Figure 3.3a: Mean proportion of activity budget spent on four different behaviours by the 
control group (light grey bars), handled group (dark grey bars) and tagged group (white 
bars) of pheasants for each time interval. Error bars represent one standard error above 
and below the mean. n = 23 birds for the handled group in the 5 minutes after tagging 
and n = 24 for all other groups at all time intervals. Continued overleaf. 
52 
Figure 3.3b: Continued from previous page. Mean proportion of activity budget spent 
on four different behaviours by the control group (light grey bars), handled group (dark 
grey bars) and tagged group (white bars) of pheasants for each time interval. Error bars 
represent one standard error above and below the mean. n = 24 for all groups at all time 
intervals. 
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The results of the multivariate analysis of variance using the log-ratio transformed 
proportions as a response, for each of the time intervals are tabulated in Table 3.3. A 
significant Lambda value was detected only immediately following tagging/handling (A = 
0.28) and 60 minutes following tagging (A = 0.24). From one day after the birds were 
tagged/handled onwards, there were no significant differences in the means of the 
proportion of time spent resting, moving, undertaking comfort behaviours or survival 
behaviours, between the three treatment groups. 
Time n df' residual df A Approx F 
P 
0 71 2, 68 0.28 3.66 < 0.01 
60 minutes 72 2, 69 0.24 3.08 < 0.01 
1 day 72 2, 69 0.15 1.84 0.09 
2 days 72 2, 69 0.09 1.12 0.35 
3 days 72 2, 69 0.08 0.96 0.45 
4 days 72 2, 69 0.06 0.67 0.67 
5 days 72 2, 69 0.03 0.34 0.92 
6 days 72 2, 69 0.09 1.02 0.42 
7 days 72 2, 69 0.12 1.50 0.18 
14 days 72 2, 69 0.02 0.23 0.97 
20 days 48 1, 46 0.10 1.60 0.20 
28 days 72 2, 69 0.13 1.64 0.14 
Table 3.3: The results of 12 separate MANOVA's of the log-ratio activity budgets at 
progressive time intervals since tagging/handling took place. Significant P values 
(highlighted in bold) associated with a Pillai-Bartlett lambda statistic indicate an effect of 
treatment group on the activity budget requiring further analysis (see below). Handled 
birds were not observed 20 days after being handled. 
Pairwise comparisons of the difference between the mean transformed activity budgets of 
firstly the handled and control group and secondly the tagged and control group are 
tabulated overleaf in Table 3.4 for the five minutes following tagging/handling (time 0) and 
60 minutes following tagging. Relative to the control group, the handled group spent 
significantly more time resting, moving and on comfort behaviours than on survival 
behaviours immediately following handling. The tagged group also spent significantly less 
time on survival behaviours however the highest-ranking behaviour was the comfort 
category not resting as for the handled group. 
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After 60 minutes, the highest-ranking activity was resting for both the handled and tagged 
groups. Relative to the control group, the tagged birds spent significantly more time 
resting and participating in comfort behaviours at the expense of moving and survival 
behaviours. Relative to the control group, the handled birds also spent significantly more 
time resting, though there was no significant difference for the time devoted to comfort 
behaviours for this group. 
Group 
Time since radio- 
tagging/handling 
(minutes) 
N A, 3 df P Behaviour ranking 
Handled 0 24 0.269 0.001 r,m,c>s 
Tagged 0 24 0.659 0.033 c,m,I>S 
Handled 60 24 0.379 0.001 r>c,m,s 
Tagged 60 24 0.398 0.001 r>c>m,s 
Table 3.4: Summary of compositional analysis of activity budgets, contrasting tagged and 
handled birds with the control group. Behaviour differing significantly from the control 
group is indicated by a significant A value. Behaviour ranking is based on mean pairwise 
comparisons of the four categories r = rest, s = survival, m = movement and c = comfort 
(highest to lowest ranking from left to right). Categories separated by commas are not 
significantly different from each other and categories in italics are not significantly 
different from the group immediately to the left and/or right. 
Effects on survival of released hand-reared pheasants 
Of the 400 double wing-tagged birds shot on Site 3 in 2002, only six (1.5%) did not have 
tags in both wings. 148 of the 486 (0.30 ± 0.04) radio-tagged birds were shot on the six 
releasing estates over three years and 4997 wing-tags were retrieved on shoot days from 
the 17950 wing-tagged poults that were released into five of the study pens (wing-tag 
returns were not available at Site 2). The overall proportion of radio-tagged birds shot on 
the five sites (0.31 ± 0.04) was slightly greater than the proportion of wing-tagged birds 
that were shot on these estates (0.28 ± 0.01) but not significantly so (x2 = 2.24, P = 0.13). 
Table 3.5 overleaf details the shooting returns from the two groups of released 
pheasants, along with the P value returned from a two-sample test for equality of 
proportions with continuity correction. 
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Site Year 
Estate 
return rate 
(proportion) 
Proportion 
of Wing- 
tagged 
birds shot 
Proportion 
of radio- 
tagged 
birds shot 
2 P 
1 
2001 0.42 0.21 0.22 0 1.00 
2002 0.41 0.22 0.04 3.36 0.07 
2003 0.40 0.18 0.17 0 1.00 
2 
2001 0.58 Data unavailable 0.33 
Data 
unavailable 
Data 
unavailable 
2002 0.53 Data unavailable . 016 
Data 
unavailable 
Data 
unavailable 
2003 0.40 Data unavailable 0.28 
Data 
unavailable 
Data 
unavailable 
3 
2001 0.50 0.31 0.40 0.72 0.40 
*2002 0.51 0.20 0.43 7.56 0.01 
2003 0.50 0.37 0.31 0.20 0.65 
4 
2001 0.48 0.41 0.50 0.63 0.43 
2002 0.55 0.31 0.24 0.35 0.56 
2003 0.50 0.29 0.37 0.54 0.46 
5 
2001 Approx 0.4 0.38 0.38 0 1.00 
2002 Approx 0.4 0.29 0.30 0 1.00 
*2003 Approx 0.4 0.22 0.46 8.64 0.003 
6 
2001 0.47 0.30 0.32 0 1.00 
2002 0.49 0.30 0.33 0.03 0.87 
2003 0.43 0.26 0.12 1.90 0.17 
* Proportion of shot radio-tagged birds is significantly higher than the wing-tagged group. 
Table 3.5: The proportions of wing-tagged and radio-tagged birds shot on the study sites 
and the P value returned from a binomial proportions test of the null hypothesis that the 
proportions were equal. Reported estate returns listed in column three for comparison. 
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Discussion 
This final section discusses the results in the context of other research addressing first 
the attempts to remove the radio tags, followed by subsections discussing the body mass 
data, activity budget and shooting return data. The chapter closes with a précis of the 
conclusions drawn from the results. 
Effects on behaviour and condition: attempts to remove the radio package 
Radio-tags can be such an annoyance to birds that they may end up breaking part of the 
tag or removing it (Morris & Black, 1980; Perry, 1981; Sorenson, 1989). My study found 
58% of the tagged individuals attempted to remove the radio-tag immediately following 
the attachment procedure, with 42% exhibiting this behaviour 60 minutes later and other 
studies report similar behaviour in other bird species (Gilmer et al., 1974; Perry, 1981; 
Hooge, 1991). The behaviour was known to persist beyond this time interval in just two 
individuals, a result similar to that observed in acorn woodpeckers (Melanerpes 
formicivorus); Hooge (1991) noted that attempts to remove radio transmitters weighing 
less than 4% of body mass, were rarely observed beyond the first day following 
attachment. It should be noted however that following the 60-minute observations in my 
study, behaviour was not recorded until the following day. It is reasonable to assume that 
my figures may be an underestimate of the total number of individuals exhibiting this 
behaviour as the experiment was designed primarily to estimate mean activity budgets, 
not the presence or absence of a particular behaviour. However, failure to document any 
attempts to remove radio-tags more than two days after attaching them strongly suggests 
that my captive pheasants did become tolerant of the radio-tag in a relatively short period 
and that this probably would apply to similar birds released into the wild. 
Of those pheasants observed attempting to remove the radio, such behaviour accounted 
for 12% of the activity budget following tagging and 8% an hour later. Comparable figures 
for the interval immediately following tagging are not available in the literature but Demers 
et al. (2003) reported that manipulation of the collar (preening feathers near the collar, 
pecking of the radio or collar and pulling the radio antenna) accounted for around 5% of 
the activity budget in snow geese (Anser caerulescens) two months after tagging. Paired 
females with radio tags in Demers study manipulated the tags seven times as often as 
females fitted with plain identification collars. 8-12% of the activity budget represents a 
substantial proportion of time devoted to the attempted removal of the radio-tag in the 60 
minutes following attachment and the composition of the activity budgets of each 
treatment group will be further examined later in this Results section. Whilst attempting to 
remove radio-tags, the tagged birds may be vulnerable to predation (Greenwood & 
Sargeant, 1973; Gilmer et al., 1974; Nenno & Healy, 1979; Sayre et al., 1981). However, 
the released birds in my study will be within the confines of a release pen at the time of 
tagging and will remain so for the duration of the two day period during which evidence of 
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attempts to remove radios were documented in the captive poults of comparable age and 
condition. The security of the pen thus eliminates such periods of vulnerability. 
Literature suggests that the impact of transmitters can be minimised by using 
inconspicuous, well fitting radio-tags of minimal weight (White & Garrott, 1990) and 
incorrect attachment can even lead to mortality (Wilson et al., 1992). One possible 
explanation for just 58% of the pheasants in the trial attempting to remove the radio tags 
may be how well the radio-tag fits. At 10 weeks of age the degree of feathering in the 
breast area where the radio tag sits, varies between individuals and these feathers play 
an important role in obscuring and minimizing the movement of the tag: making it less 
conspicuous. Individuals with less developed plumage may experience greater discomfort 
and therefore attempt to remove the radio-tag until habituated to its presence. 
Effects on behaviour and condition: body mass over time 
A potential impact of radio-tagging may be a decrease in body mass as a consequence of 
either elevated energy expenditure associated with carrying a transmitter (Greenwood & 
Sargeant, 1973; Gessaman et al., 1991; Godfrey et al., 2003) or decreased feeding and 
foraging levels (Boag, 1972). No significant differences in the body mass of treatment 
groups were detected in my study however and this is similar to the results of Johnson & 
Berner (1980) who found no difference in the body mass of cock pheasants with and 
without radio-tags following release. It is not possible to conclude from my results that 
radio-tagging (according to the methods described in this chapter) has no impact on the 
body mass of all pheasants though as throughout my study, the experimental birds were 
fed on manufactured pellets of high protein content. It is possible that the high nutritional 
value of this readily available food could compensate for both increased energy 
expenditure and decreased feeding and wild pheasants relying on natural food sources 
(with lower nutritional value and reduced availability) may be affected differently. The 
purpose of this experiment was to determine the impact (if any) of radio-tagging on hand-
reared pheasants following their release however and the simulated experimental 
conditions do reflect the conditions of a release pen. Both food and water are provided for 
free-living released birds in abundance and it is reasonable to assume that whilst 
conditions for free-living pheasants may be harsher than those in a rearing pen, the 
rearing pen results are applicable to free-living released pheasants. 
There is some evidence of reduced body mass attributed to transmitter attachment in 
captive gamebird populations fed on high protein pellets. Osborne et al. (1997) 
investigated the impact of radio-tags on northern bobwhite (Colinus virginianus) and 
found that after 84 days, tagged birds had significantly lower body mass than the 
untagged control population. This reinforces the notion that impacts are specific to both 
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species studied and tags used and confirms that radio-tagging can still impact on body 
mass in the presence of a high protein diet. 
The fact that body mass was unaffected by either the handling process or the attachment 
of a radio-tag suggests that energy reserves (in the form of lipids) remain intact. 
Therefore, there is no evidence that the radio-tagging process will influence energetically 
expensive activities such as dispersal from the release pen. 
Effects on behaviour and condition: composition of activity budget 
One of the most reported effects of radio-tag attachment in birds is an initial discomfort 
that can last from a few minutes up to a few weeks although usually birds recovered 
normal activity two to seven days after attachment (Calvo & Furness, 1992). This 
discomfort is mainly shown as an increase in preening activity and pulling at the device. It 
is not commonly reported which behaviours are reduced at the expense of the observed 
preening and/or attempts to remove radio-tags, as addressed in this study. I found that 
behaviour in radio-tagged birds deviated from that of the control (untagged) group 
immediately following tagging and 60 minutes later, as did the behaviour of the pheasants 
that were handled and not tagged. From one to 28 days after attachment, no differences 
were detected in the activity budget of either tagged or handled pheasants compared to 
the control group. In view of this result, it would have been informative to collect data 2, 4 
8 and 12 hours after tagging and handling to measure the persistence of the short-term 
effects beyond 60 minutes. 
Both the handled and tagged birds spent significantly less time participating in "survival" 
behaviours than the control group immediately following the tagging process. The 
greatest proportion of the activity budget for handled birds at this time was spent resting 
whilst the tagged birds spent more time on comfort behaviours. This finding is similar to a 
number of other studies reporting a preoccupation with the tag immediately after 
attachment (Greenwood & Sargeant, 1973; Gilmer et al., 1974; Perry, 1981; Sorenson, 
1989; Demers et at., 2003). 
The activity budget of tagged and handled birds remained significantly different from that 
of the control group 60 minutes after being tagged/handled. Handled birds continued to 
spend most of their time resting and significantly more time resting than on comfort 
behaviours, movement or survival behaviours than the control group. The tagged birds 
also spent the majority of their time resting after 60 minutes and spent significantly more 
time resting than the control group as well as significantly more time participating in 
comfort behaviours than the control group. Hooge (1991) observed similar behaviour in 
tagged acorn woodpeckers that spent a greater proportion of their time sitting and 
preening than untagged counterparts after attachment. The elevated periods of rest 
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observed in the handled/tagged groups is consistent with a recovery interval during which 
time physiological changes induced by exposure to stress, return to normal (Silverin, 
1998). 
Subsequent observations were made daily for seven days and then weekly for a month 
after tagging or handling but analyses of the activity budget revealed no significant 
differences between treatment groups for any set of observations, suggesting that the 
behaviour of both tagged and handled birds returned to normal relatively swiftly. This 
reflects the results of other published work; Gilmer et al. (1974) for example found the 
behaviour of ducks returned to normal after just few days. Boag (1972) noted decreased 
food intake in female red grouse (Lagopus lagopus scoticus) with radio-tags that 
manifested most strongly in the first seven days and Osborne et al. (1997) reported that 
the high frequency of problems associated with backpack radios diminished after one 
week. However, others have reported changes in radio-related preening behaviour 
persisting for several months (Demers et al., 2003) though this was attributed, in part, to 
badly positioned antennae. 
Even short term increases in preening and resting may be detrimental to the survival of 
tagged or handled individuals in the presence of predation pressure for example. Many 
studies have linked radio-tags to elevated levels of predation (Hessler et aL, 1970; Marks 
& Marks, 1987; Sorensen, 1989). The protection from mammalian predators afforded by a 
release pen minimises any such impact resulting from short-term behavioural changes for 
released pheasants however. 
It is evident from the experiment that data collection immediately following radio-tagging 
is inappropriate for pheasant poults, as their behaviour does not reflect that of the 
population as a whole. A lag of 24 hours will see a return to normal behaviour at which 
point data can be reliably incorporated into a study of movements and survival of 
released pheasants. The response to handling in my study was slightly different to that of 
tagging however the effects persisted for the same length of time. Alternative marking 
schemes to study released pheasants (which inevitably involve handling the birds) are 
therefore not preferential to attaching radio-tags. 
Effects on survival of released hand-reared pheasants 
Radio-tagging has been found to influence survival and productivity in wild gamebirds. 
Bro et aL (1999), Kaiser (1999) and Watson (2004) found that radio-tagging affected grey 
partridge, for example. These papers suggest that significant mortality, caused by 
increased predation immediately following catching and tagging can occur in these wild 
birds, but circumstances are somewhat different in this study. As hand-reared birds, the 
pheasants in my study have been exposed to contact with people on a daily basis and 
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have been handled on several occasions prior to attachment of the transmitters. 
Therefore, the procedure of attaching transmitters is probably less stressful for these 
birds than for wild animals. In addition, the pheasants are radio-tagged within the relative 
safety of the release pen; not only is food and water readily available but the birds are 
protected from mammalian predators at this time. Consequently, any short-term 
behavioural impacts of the tagging process (such as preening at the expense of foraging) 
are unlikely to affect the survival of the radio-tagged birds. 
Longer-term impacts on survival, however, cannot be ruled out but the number of radio-
tagged birds being shot suggests that survival has not been affected by the attachment of 
transmitters. The proportion of radio-tagged birds shot on the participating estates was, 
overall, slightly greater but not significantly different from the proportion of shot birds 
originating in the study pens. This would suggest that the fate of the radio-tagged birds is 
representative of the release pen as a whole and that the radio-tagging does not have a 
negative impact on the survival of pheasants in this study. Whilst there is no evidence to 
suggest that the radio-tagged birds had less chance of surviving to the start of the 
shooting season than the released group as a whole, it is possible that overall survival 
was reduced but tagged birds were shot more frequently than non-tagged birds. Radio 
attachment could plausibly influence the number of birds being shot in two ways. Firstly, 
radio-tagged birds might have remained closer to the release site (if tagging adversely 
affected dispersal) thus increasing the chances of being flushed over the guns on shoot 
days and secondly, the flight of radio-tagged birds could be altered, decreasing the ability 
to evade the guns. Putaala etal. (1997) found that radio transmitters decreased take off 
angle in the flight of grey partridge, and others have also observed a reduction in mobility 
of individuals with transmitters (Pennycuick et al., 1989). Although restricted flight could 
make the radio-tagged birds easier targets, low flying birds are not considered 'sporting' 
so it is unlikely that the return rates would be increased because of decreased pheasant 
mobility. In addition, there is anecdotal evidence from observations made during the 
course of data collection that radio-tagged birds flushed in a manner indistinguishable 
from their untagged counterparts. Concerning the question of dispersal from the release 
area, it could also be argued that additional energy expenditure associated with carrying 
a transmitter (Greenwood & Sargeant, 1973; Godfrey etal., 2003), or decreased mobility 
resulted in radio-tagged birds remaining in the release area (and therefore available for 
shooting) more often than the untagged birds. However, inspection of the data from this 
study, presented in Chapter 5, suggests that the radio-tagged birds are, on average, 
dispersing from the release area, distances equal to or greater than published figures 
(Paludan, 1958; Burger, 1964; Hessler et al., 1970; Krauss et al., 1987; Sage et al., 
2001). 
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The proportion of birds originating from the study pens that were shot might have been 
underestimated as a result of tags being lost between the time of release and shooting. 
The data from double-tagging at Site 3 in 2002 would suggest that loss of tags occurs at 
a rate of just 1.5%, which would not affect the results. The significantly higher return of 
radio-tagged birds in the bag compared to wing-tagged birds at Site 3 is difficult to explain 
but might have been a product of some wing-tags going undetected on shoot days. 
Conclusions 
Bro etal. (1999) suggest that the environment (namely weather conditions and predation 
pressure) can influence whether or not radio-tagging will have an adverse effect on study 
animals but the conditions under which radio-tag impact was tested in this study, simulate 
those experienced by the hand reared pheasants that form the focus of this thesis. 
Consequently, the conclusions are applicable to both the captive and released pheasant 
population. 
Radio-tagging 10 week old hand-reared pheasant poults clearly has a short term impact 
on the behaviour of the birds, with a greater proportion of time spent on comfort 
behaviours and resting, up to one hour after tagging. These changes in behaviour do not 
persist 24 hours after tagging however. 
Alternative methods to radio-tagging that may be employed in a study of survival and 
movement still involve handling the study birds and this has been shown to affect 
behaviour too, for a similar period, and is therefore not a preferred option. In fact, 
alternative marking techniques such as the use of patagial tags have also been shown to 
have negative impacts on survival of birds (Saunders, 1988). Marking birds with any tag 
other than a radio-tag will also yield far less information than a telemetry study, with 
systematic bias towards observations on more visible or accessible individuals. 
The results of this study suggest that once normal behaviour resumes just 24 hours after 
the initial discomfort and stress of the tagging process, reliable data can be collected 
regarding survival and there is no evidence that movements will be compromised. The 
following chapters present data gathered from radio-tracking released pheasants and 
examine survival, movement and effects of management on movement in turn. 
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Chapter 4: Fate of released pheasants 
Accurately documenting the causes and timing of released pheasant mortality has 
implications for management, enabling potential sources of loss to be addressed. The 
duration of survival is also of interest because the commercial value of a pheasant cannot 
be realised unless it survives to see shooting commence. Having established that radio-
tracking provides reliable information on pheasant survival, this chapter examines survival 
of hand-reared birds for up to eight months following release with a specific focus on the 
period between release and the onset of shooting. I aim to explore the success of the 
present releasing system by examining causes and timing of mortality and looking at 
ways in which current management practices can affect them. 
The first section of this chapter presents current knowledge of pheasant survival in terms 
of timing and causes of mortality in both wild and reared birds and is followed by a review 
of potential impacts on survival and their relevance to this study. The second section 
(page 68) details the methods used to document and analyse pheasant survival. The 
results are then presented in the third section (page 76), followed by a discussion section 
commencing on page 101. 
Background 
Pheasant mortality 
Most studies of the survival of hand-reared pheasants present either the proportions of 
the numbers released that are returned in the shooting bag, which are minimum 
estimates of survival dependent on shooting pressure (Ginn, 1947; Macnamara & 
Kozicky, 1949; Harper et al., 1951; Burger, 1964; Aebischer, 2003), or the rate of survival 
between successive winters (Paludan, 1958; Bray, 1967; Gindre, 1974). Whilst supplying 
estimates of overall survival in pheasant populations these studies provide little or no 
information on causes or timing of losses. Robertson (1988) attempted to document 
mortality fully in released pheasant populations by searching a release area for 
carcasses, but this approach is open to bias, potentially overemphasising causes of 
mortality that give rise to easily detected carcasses such as early deaths within release 
pens. Bray (1969) highlighted how unreliable carcass searches can be, noting that just 
10% of pheasant remains placed within 800m of a release pen were subsequently 
located (during searches). Kenward (1977) used a similar approach to generate an 
estimated carcass detection rate of 22% around Swedish pheasant release pens. 
The use of radio-transmitters in my study permits all causes of mortality within a sample 
population to be catalogued irrespective of the ease with which the carcass may be 
retrieved (White & Garrott, 1990). A number of other studies have also used this 
approach in the study of pheasants (Hessler et aL, 1970; Warner & Etter, 1983; Haensly 
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etal., 1985; Snyder, 1985; Krauss etal., 1987; Leif, 1994; Gabbert et aL, 1999; Sage et 
aL, 2001), however there has been little research into survival of hand-reared pheasants 
in the period prior to breeding but following release into open-topped pens. This is the 
time period most relevant to exploring the efficiency of current releasing systems and is 
that which will form the focus of this study. 
Where post-release survival has been examined (in Ireland and the USA), the release 
process is somewhat different from the techniques employed in the UK. In the USA direct 
releasing, without the use of a release pen and predator control, is commonplace and in 
Ireland, release pens may be used in the absence of any additional predator control. 
More details of these approaches and their comparably lower return rates are presented 
in Chapter 1 (page 9). 
Robertson (1988) found the birds from one release pen in Ireland suffered their highest 
rates of loss (48%) in the first 10 days after leaving the release pen. Nearly 70% of all the 
known losses in Robertson's study could be attributed to predation, almost exclusively by 
foxes (Vulpes vulpes). In North American studies, where birds were released without the 
use of pens and in the absence of predator control, similarly high post-release losses 
were observed, many of which were attributed to predation. Krauss et aL (1987) reported 
64% losses of hand-reared cock birds in the first seven days after release and over 90% 
of the losses in this study were caused by predation. Mortality rates of between 60-85% 
were also recorded in the first 28-60 days after release in other studies (Burger, 1964; 
Hessler et aL, 1970; Trautman, 1982), with predators responsible for 42-90% of the 
known deaths. Releasing in all of these studies took place in the absence of predator 
control (in contrast to this study where predator control was undertaken in all study areas; 
see Chapter 2 for details). 
In addition to high losses to predation, other documented causes of released pheasant 
mortality include accidental deaths (road casualties, drowning, collision with farm 
equipment) that account for <7% of released pheasants (Robertson, 1988; Leif, 1994) 
and disease (Game Conservancy, 1996). Robertson (1988) reported that 15% of the 
birds studied in one release pen died within it, 10% of those having never left the pen. 
Radio-tracking studies comparing wild pheasants with hand-reared pheasants have 
consistently found survival rates to be lower in hand-reared pheasants than wild birds 
during the breeding season (Krauss et al., 1987; Brittas etal., 1992; Leif, 1994; 
Robertson, 1994). The principle causes of mortality however, are common to both wild 
and reared birds, with predators responsible for many losses in wild populations (Hessler 
et aL, 1970; Goransson & Loman, 1986; Krauss et aL, 1987; Leif, 1994; Hoodless etal., 
1999; Sage et al., 2001). My study focuses on the survival of hand-reared birds that have 
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not reached adulthood and the annual survival rate of wild juveniles is reported at 19-21% 
(Petersen et al., 1988; Balmer & Peach, 1996). However, mortality in the first ten weeks 
of life (which contribute to the reported figures for wild juveniles) will not be considered for 
hand-reared birds in this thesis as they are typically released at seven weeks of age and 
radio-tagged 21 days later. 
High post-release losses and high levels of predation are common to all studies of 
released pheasant survival, but many of the findings are not directly applicable to present 
release methods in the UK. Most published research has been conducted through case 
studies, such as Robertson (1988), and has been based upon very different methods of 
release and consequently relevance to current practice is limited. Reported here, this 
aspect of my study provides, for the first time, a proper documentation of survival and 
mortality in released pheasants using large woodland based open-topped pens on 
professionally managed shoots. This is the most common method of release in the UK 
(details are given in Chapter 1 of this thesis; page 8) and was devised to reduce losses 
through the exclusion of predators and the provision of a plentiful supply of food, water 
and shelter whilst the released birds adapt to their new environment. 
The importance of understanding survival events within released pheasant populations 
extends beyond the commercial value of improving release efficiency. The ethics of 
tolerating high levels of post-release pheasant mortality have been brought into question 
(Anon, 2005) making it necessary to accurately document mortality, contrast survival 
rates to those seen in wild pheasants and identify ways in which losses can be 
minimized. Effective pheasant releasing strategies based on understanding post-release 
survival have the potential to reduce the overall number of poults released annually whilst 
maintaining desired shooting bags. This may in turn, benefit other wildlife within pheasant 
release areas (Sage et al., 2005; Woodburn & Sage, 2005) without compromising the 
commercial viability of the shoot in question. Knowledge of the causes and timings of 
post-release mortality in common pheasants may also be applied to the development of 
effective releasing strategies, when reintroductions or translocations of threatened 
Galliformes are a necessary component of species management plans (Assink, 1993; 
Woodburn, 2002). 
Factors affecting survival 
A wide range of factors can potentially influence survival in bird populations, with both 
individual traits and external factors contributing to longevity and cause of death. 
Early work on hand-reared pheasants suggests that survival immediately following 
release is affected by the "psychological factors" or shock associated with release into a 
strange environment (Kabat et al., 1956). Gill (1974) found that cocks suffered from this 
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post-release trauma and subsequent mortality to a lesser extent than released hens and 
gender has been found to influence survival in grey partridge (Perdix perdix) (Carroll, 
1990). Carroll suggested that the lower survival rates observed in male grey partridges 
were a consequence of more conspicuous behaviour, which left them vulnerable to 
predation. Many other species of bird however, exhibit no discernable differences 
between male and female survival rates (Dobson, 1987). There is conflicting evidence as 
to whether or not gender influences pheasant survival. Hessler et aL (1970) did not detect 
any differences between hen and cock survival, but a later study (Petersen et al., 1988) 
reports increased survival in hen pheasants when compared to cocks. The role of gender 
in relation to hand-reared pheasant survival will be analysed later in this chapter. 
In addition to gender, individual body condition can affect survival of birds in a variety of 
ways. Reduced body condition has been linked to elevated levels of wood pigeon 
(Columba palumbus) predation by goshawks (Accipter gentilis) (Kenward, 1976). 
However, Kenward (1977) found no evidence that released pheasants in poor condition 
were predated preferentially by goshawks. Lower body mass was related to decreased 
survival time in a study of wild pheasants (Snyder, 1985) and of grey partridge (Carroll, 
1990). A large body mass may be synonymous with decreased manoeuvrability however 
and evasion of predators (ground and aerial) may be hindered as a consequence (Gosler 
et aL, 1995). An investigation into the dynamics of one Dorset shoot in the late nineteen-
sixties reported that both light and heavy poults (at the time of release) were shot in equal 
proportions with no evidence of greater post-release losses in either group (Bray, 1969). 
Condition of birds at the time of release varies greatly and is dependent on many factors 
including suppliers of stock, and timing of the release. Whilst body mass (one indicator of 
condition) at release is not necessarily indicative of condition throughout the post release 
period, the hypothesis that body mass at the time of release (when birds are thought to 
be particularly vulnerable) is related to time until death and probability of being predated, 
will also be considered in this chapter. 
Factors such as predator pressure, habitat quality, stocking density and timing of release 
can be manipulated as part of a managed release strategy and may all play a role in 
determining the survival of hand-reared pheasants. 
Given the high levels of predation cited in many studies of pheasant survival, it is not 
surprising that removal of predators can be an effective method of improving bird survival 
(Tapper et al., 1996; Pearse & Ratti, 2004). Several studies have shown that prey 
numbers increase as foxes decrease in number (Trautman et al., 1974; MarcstrOm et al., 
1988; Marcstrom et al., 1989a). This can be explained in part by individuals surviving for 
longer periods of time, as well as elevated productivity. 
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A number of studies have reported a connection between survival and habitat (Haensley 
et al., 1985; Snyder, 1985; Meyers et al., 1988; COte & Sutherland, 1997; Gabbert et al., 
1999; Schmitz & Clark, 1999; Smith et al., 1999). The ease with which predators are able 
to operate in a given area is often the mechanism by which survival rates are affected by 
habitat structure. Smith et al. (1999) for example, found that significantly more pheasants 
were killed in dense vegetation than in open areas though this conflicts with the findings 
of Snyder (1985) who found that losses to predators decreased as the level of vegetative 
cover increased. It has been suggested that management of habitat can be a more 
effective use of resources than predator control, when attempting to minimise predation 
levels in bird populations (Cote & Sutherland, 1997). Kenward et al. (2001a) also 
suggested that managing the habitat in and around release pens could decrease the 
number of poults preyed upon by buzzards (Buteo buteo). 
The density at which pheasants are stocked in the release pen may also influence levels 
of predation. Robertson (1988) suggests that decreasing stocking density may decrease 
levels of predation without additional predator control (foxes did not respond to the 
number of available birds outside his study pen but to the actual number of birds 
released). Additional evidence that foxes respond directly to the presence of released 
pheasants is the increased pen visitation rates by foxes in the two months following 
releasing (Robertson & Hill 1986), when pheasants are most concentrated in the release 
area. 
In addition to attracting predators, high stocking levels may directly increase the number 
of fatalities, as over-crowding animals has been linked with elevated disease levels 
(Davis & Swan, 2003). Even if disease does not bring about fatalities, the number of 
substandard individuals within the population may increase and there is evidence to 
suggest that such animals are at an increased risk of predation (Temple, 1987; Hudson et 
al., 1992). Poults leaving the relative security of the release pen to avoid overcrowding, or 
as a consequence of the opening up of the release pen gates, may also bring about high 
levels of mortality, as they are most vulnerable to predation at this time (Robertson, 
1988). 
Over and above establishing when and how losses occur within the released pheasant 
population, the roles of predation pressure, quality of habitat, and the opening up of the 
release pen will be considered in this chapter. The levels of pheasant releasing were 
manipulated in this study in order to test the hypothesis that stocking densities affect the 
fate of hand-reared poults. Not only will this improve current understanding of post-
release survival (where knowledge is presently lacking) but also it will highlight areas 
where management can be altered to develop a more effective system of release. The 
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methods of documenting the fate of the radio-tagged birds in my study and the 
corresponding analyses are detailed in the following section of this chapter. 
Methods 
Study sites and general methods of data collection are described in Chapter 2 of this 
thesis. Methods specific to this chapter are detailed in this section, which describes how 
causes of mortality were assigned, and the relevant analyses used to examine 
censorship, survival over time, effects of body mass and sex on survival. The final 
subsection of the methods examines how aspects of the study sites correlate with 
aspects of survival. 
Assigning causes of mortality 
Over the three years and six sites, 486 pheasants were successfully radio-tagged and 
each time a radio was retrieved from a dead pheasant, the cause of mortality was 
recorded in one of the categories listed in Table 4.1. Two additional categories are 
included in the table to record those birds surviving to the end of the study and those that 
were lost from the sample during the course of the study (censored). 
Radio-tagged pheasants retrieved from inside the release pen in the weeks following 
release were classified as "early pen deaths". Though distinct from predated birds at this 
time, it was not possible to attribute these deaths to any one factor. Most carcasses 
retrieved from these early pen deaths displayed evidence of several potential causes of 
death, such as parasite burdens and malnourishment. The stress associated with the 
releasing process may also have contributed to some of these deaths (Burger, 1964; 
Game Conservancy, 1996). 
Deaths were attributed to mammalian predators wherever carcasses were cached or 
feathers were bitten through the shaft and to raptors when there was evidence of 
plucking, beak marks in the sternum or white faecal traces (Kenward et al., 2001a; 
Watson, 2004). Though the predators were differentiated in this way, both categories 
were combined to form an overall level of predation for the purpose of analyses. 
Carcasses (other than those that were shot) retrieved during the shooting season with 
signs of predation were assigned a separate cause of mortality: "scavenged or predated". 
Visits to the release areas were less common during this time and I was unable to rule 
out the possibility that these individuals had been first shot (but not retrieved at the time of 
shooting) and later scavenged. Due to the difficulty of differentiating between birds that 
had been predated during the shooting season and birds that had been scavenged, these 
birds form one category for analysis purposes. Further research (daily site visits to 
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monitor scavenging rates on carcasses) would be required to explore the proportion of 
individuals in each of these fate categories separately. 
Individuals were assigned an "unknown" cause of death in the absence of any evidence 
to suggest a particular reason for their demise. "Other" deaths included any accidental 
deaths (collisions with vehicles and fences, drowning in cattle troughs or similar). 
Fate category Definition 
Early pen death 
Radio-tagged carcasses retrieved from 
inside the release pen in the weeks 
following transmitter attachment 
Predated (mammalian) 
Radio-tagged carcasses retrieved prior to 
the shooting season with evidence of fox 
or mustelid predation 
Predated (raptor) 
Radio-tagged carcasses retrieved prior to 
the shooting season with evidence of 
raptor predation 
Shot on estate Radio-tagged carcasses retrieved in the shooting bag of the study sites 
Shot off estate Radio-tagged carcasses retrieved in the shooting bags of neighbouring land 
Scavenged or predated 
Radio-tagged carcasses retrieved during 
the shooting season with evidence of 
predation. May have been predated or 
scavenged. 
Other Radio-tagged carcasses retrieved as a result of other (known) causes of death 
Unknown Radio-tagged carcasses retrieved with unidentified causes of death 
Survived 
Radio-tagged birds located alive after the 
close of the shooting season (151  
February) 
Censored 
Radio-tagged birds lost from the sample 
during the study as a result of transmitter 
failure or dispersal from the study area 
Table 4.1: Classifications and definitions of the possible fates for the 486 radio-tagged 
birds in this study. 
Some individuals survived to the end of the study period but transmitter failure and 
dispersal beyond the confines of the study areas prevented the fate of all 486 radio-
tagged birds being documented. However, estimates of the overall proportion of released 
birds in each of the fate categories were calculated based on a weighting method. All 
information known about each censored individual was used to generate a frequency 
table of possible outcomes for all censored individuals. This frequency table was used to 
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weight the total number of censored birds and assign estimated additional numbers to the 
counts for each category. 
The frequency table of possible outcomes for censored individuals was generated in the 
following way: firstly, I assumed that no censored birds had been shot (neighbouring 
shoots were aware of the radio-tags and failed transmitters were still collected on shoot 
days both on and off the releasing estates). Secondly, all known "early pen deaths" took 
place within 46 days of release and involved birds that had not been located outside of 
the release pen. Birds that were censored after leaving the pen or censored after 46 days 
could not therefore have contributed to this fate category. Similarly, all accidental deaths 
took place within 100 days of release and birds censored after this interval could not have 
contributed to this class. Similar criteria were applied to the other fate categories based 
on the known incidents of mortality. Each censored individual was considered in turn and 
a frequency of one was applied to any fate category that the individual may have 
contributed to. When all individuals had been classified in this way, a maximum possible 
frequency was derived for each category. For example, all censored individuals may have 
survived to the end of the study period, so the maximum possible frequency for this fate 
category is equal to the number of censored individuals. The ratio of maximum possible 
frequencies (for each fate category in turn) to the sum of the maximum frequencies of all 
fate categories was then multiplied by the total number of censored individuals. This 
generated an estimated number of individuals from the censored population that 
belonged to each fate category, the sum of which was equal to the total number of 
censored birds. These estimated additional contributions to each fate category were 
added to the actual counts to give the overall estimates of fate presented in Table 4.4 
(page 77). 
Time of death was accurately recorded between release and the commencement of 
shooting during which time carcasses were rapidly detected (see page 38) and estimated 
as the mid point between visits for those carcasses recovered during the shooting season 
(Robertson, 1986). 
Although there is some evidence to suggest that pheasant strain does not affect post-
release behaviour (Haensley et al., 1985; Sage et al., 2001) pheasants were consistently 
sourced between years to minimize genetic differences. 
Fate data for 2001, 2002 and 2003 are presented in Table 4.4 (page 77) as proportions of 
the radio-tagged birds in each of the categories outlined in Table 4.1 (page 69). Further 
analyses of specific aspects of fate are detailed in the following sub-sections. 
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Levels of censorship 
Transmitter failure and dispersal from the study area can lead to individual radio-tagged 
pheasants being lost from the sample (censored) during the course of the study. As one 
hypothesis being tested in this thesis is that stocking density may increase dispersal, it is 
plausible that elevated levels of censorship may occur when pens are overstocked (see 
Chapter 6) if dispersing birds are lost from the sample. This would be detrimental to the 
collection of data concerning the true fate of the birds. Furthermore, topography can 
influence the detection of a radio signal (Kenward, 2001) making it more difficult to locate 
radio-tagged individuals in some areas than others. Given the differing topography at the 
six sites used in my study, it is plausible that the sites may influence the levels of 
censorship. To test both of these hypotheses, the proportion of the birds censored 
between radio-tag attachment and the start of the shooting season were analysed in a 
generalised linear model (GLM), using the logit link function. Most of the analyses 
presented in this thesis examine data collected between the point of release and the start 
of the shooting season; hence, the response in this analysis is the level of censorship in 
this period also. Overdispersion in the data was accounted for by incorporating a 
quasibinomial error structure into the model (thus increasing the dispersion parameter 
from one to an appropriate level) and F-tests were used in place of Chi-squared tests to 
test the significance of model terms. Standardised residuals were plotted to check for 
normality of distribution. A backward stepwise analysis of logistic codeviance was used to 
test the effect of site, year, stocking density and the interaction between site and stocking 
density. Significant terms in the model were further investigated with a straightforward 
comparison of the proportions of each group that were censored, using a binomial 
proportions test (R Development Core Team, 2004). This is a two-sample test for equality 
of the paired proportions returning a Pearson's Chi-squared test statistic with Yates' 
continuity correction applied. 
Survival over time 
Survival curves based on Kaplan-Meier product limit procedure (Kaplan & Meier, 1958) 
were produced to describe survival over time for the radio-tagged birds. The Kaplan-
Meier method calculates a survival rate from the number of individuals at risk at any given 
point in time compared to the number that die. This approach optimises the available 
data, as censored individuals are included up to the time at which they were lost from the 
study, at which point they are removed from the population at risk. 
Effect of stocking density on survival times and shooting returns 
Stocking density of the study pen was manipulated between years at each site so that 
pens were both overstocked and understocked over the three years of the study. Details 
can be found in Chapter 2, and Table 4.2 provides a summary of the stocking levels 
(page 73). Other aspects of management including shooting pressure remained 
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consistent between years. The total number of driven days shooting on each estate is 
tabulated in Chapter 2, Table 2.1 (page 33) and the number of days where drives 
specifically included the study pen area were also recorded. Results are tabulated later in 
this chapter (Table 4.6, page 91). 
Relationships between survival to the start of the shooting season and potential 
explanatory variables such as the interval between releasing and the onset of shooting 
(hereafter termed "time to shoot"), year, pen and stocking density are explored with a 
generalised linear model (GLM) specifying binomial errors (using the logit link function). A 
backward stepwise analysis of codeviance was used to produce a minimum adequate 
model to explain the data. Individuals censored prior to the start of the shooting season 
that were not retrieved on shoot days, were excluded from the analyses which were 
conducted using the statistical package R (R Development Core Team, 2004). A similar 
approach was used to explore the impact of stocking density on the proportion of birds 
being shot, firstly using data from the radio-tagged sample and secondly using data from 
the wing-tagged population. Overdispersion in the data resulted in F-tests being used to 
compare deviance when assessing the significance of terms in the GLM's. Standardised 
residuals were plotted to check for normality of residual distribution when modelling the 
data. 
The time between release and the start of the shooting season was chosen for analysis 
because it is a functional management unit of time and the proportion of birds alive at the 
onset of shooting is a direct measure of the potential for releasing strategies to contribute 
to shooting bags. The sporting value of the released bird cannot be realised if it does not 
survive to this point. In this study, there is a range in release dates covering a period of 
71 days, but likewise there is a range in the start of shooting in any given area and year. 
The interval between release and shooting commencing ranged from 76 to 114 days. In 
order to examine the impact of stocking density on survival further, a second analysis was 
undertaken using survival data from a fixed period of time, to eliminate any confounding 
effects of the interval between release and the onset of shooting (which may affect the 
analyses described above). Table 4.2 overleaf summarises the release dates, interval 
between release and shooting and the stocking densities for reference. The weekly 
survival rates for release pens were calculated for each of 12 weeks following release (12 
weeks being the minimum time between release and the onset of shooting in any 
site/year combination) in the year it was most heavily stocked and the year the pen was 
least heavily stocked. These two sets of survival rates were then arcsine transformed to 
normalise and compared (on a week by week basis to avoid pseudoreplication) using 
paired t-tests, to test the hypothesis that overstocking may bring about reduced survival 
rates. 
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Site 
1 2 3 4 5 6 
Size of study pen (ha) 0.20 0.32 0.45 1.40 0.49 1.28 
Density of pheasants per ha of 
release pen, 2001 5000 3750 2222 571 2347 625 
Density of pheasants per ha of 
release pen, 2002 2050 1875 4444 1143 3265 1250 
Density of pheasants per ha of 
release pen, 2003 2000 3750 1111 1429 4082 781 
Date of release, 2001 6 July 
9 
July 
31 
July 
19  14 Aug 
4 
Sept July 
Date of release, 2002 26 July 
25 
June 
29 
July 
3  14 July 
9 
Aug Aug 
Date of release, 2003 3 July 
25 
June 
24 
July 
17  1 Aug 
1 
Aug July 
Interval between release and 
onset of shooting, 2001 92 89 102 76 89 104 
Interval between release and 
onset of shooting, 2002 92 102 102 107 85 83 
Interval between release and 
onset of shooting, 2003 -114 101 102 87 99 106 
Table 4.2: Releasing regimes in 2001, 2002 and 2003 in all s.x study sites. The time 
between release and onset of shooting ranged from 76 to 114 days, so analysis of 
survival in the first 12 weeks was undertaken in addition to examining survival to the start 
of the shooting season. 
Effect of stocking density on number of birds predated 
To test the hypothesis that predation levels may be linked to the number of birds released 
into a pen, the number of radio-tagged birds predated was plotted against the stocking 
density of the release pens and the slope of the regression line was tested for significant 
difference from a slope of zero. As the 18 site/year combinations were not independent of 
each other, three separate analyses were undertaken; firstly for data from 2001, then 
2002 and finally from 2003. 
Effect of body mass 
To test the hypothesis that body mass at the time of release may influence the fate of 
released pheasants a paired t-test was undertaken, comparing the mean body mass (at 
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the time of radio-tagging) of birds that survived to the start of the shooting season with 
those that did not survive. A mean body mass was calculated for the hens and cocks at 
each site, to avoid the pseudoreplication associated with including all 486 tagged birds in 
the analysis. The paired t-test incorporated site as a blocking factor as it was evident from 
previous analyses that between site differences accounted for much of the variation in 
response variables measured in this study. 
A similar analysis was performed on the proportion of radio-tagged birds that were, or 
were not, predated prior to the onset of shooting, as a link between predation levels and 
body mass has been demonstrated by other studies (Snyder, 1985; Carroll, 1990) and 
predation was the single largest cause of non-shooting mortality in this study. Again, a 
paired t-test was used to compare the mean body mass of hens and cocks at each site 
that were predated, with those that were not. No hens were predated at Site 6 prior to the 
start of the shooting season, so the mean body mass values for hens and cocks 
combined were compared at this site, giving a total of 11 pairs in the analysis. 
Effect of sex 
To test the hypothesis that gender may influence the chances of surviving to the start of 
the shooting season, the differences in a 2 x 2 contingency table of male and female 
survivors and non-survivors was tested with a Pearson's Chi-square test including a 
Yates' continuity correction factor. A similar approach was also used to test for 
differences between the number of male and female individuals that were predated or 
not. 
Effect of site and year 
Both site and year variables were found to contribute significantly to the proportion of 
birds alive at the start of the season and the proportion of birds predated. A number of 
explanatory variables were measured for each site and year as tabulated in Table 4.3 
overleaf. Additional details of these variable descriptions can be found in Chapter 6, page 
157. Since site variables were common to all birds released at a given site and site/year 
variables were common to the entire relevant cohort, analyses were undertaken at the 
site or site/year level. Each of the site and site/year variables was correlated in turn with 
first the proportion of the radio-tagged birds alive at the start of the shooting season, and 
second; the proportion of birds predated. Where site variables were tested, mean 
proportions for each site were used (n = 6) and where the site variables differed between 
years, proportions for each site/year combination were used (n = 18). A non-parametric 
assessment of the correlation between the proportions and the site or site/year variables 
was undertaken using Spearman's rank correlation coefficient due to the lack of normality 
in the site variables. The association of the paired data is given a value of between —1 
and 1, with 0 being no association and a test of the value being zero is carried out. 
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Explanatory variable Description 
Shrubby cover 
Percentage of cover between 1 and 2m high based 
on 120 point samples in and around the release 
pen 
Managed area Proportion of the study area where feeding takes place 
Game crops Total proportion of study area planted with game crops 
Woodland Total proportion of study area under woodland 
Keeper ha Total ha of study area divided by the total number of full-time gamekeepers 
Site foxes Total number of foxes shot or snared on each releasing estate over the three years of the study 
Stocking density Number of poults released per ha of release pen 
Date of release 
Day of the year on which releasing occurred (distinct 
from the interval between release and the onset of 
shooting, labelled as "Time to shoot" below) 
Time to shoot Number of days between the release day and the first day of shooting in the release area 
Age Age in days of poults at the time of release 
Time to pen opening 
Number of days between the day of release and 
the day of the pen gates being opened or pen 
fences being lifted 
Year foxes Total number of foxes shot or snared on each releasing estate, each year 
Table 4.3: Description of variables tested for correlation with the proportion of radio- 
tagged birds surviving to the shooting season and the proportion of radio-tagged birds 
predated. 
All six study sites experienced broadly similar weather conditions due to their geographic 
proximity though it is probable that between year variations in the weather may account 
for some of the unexplained variation in the data sets. The variables incorporated into the 
analyses presented in this thesis however were restricted to aspects of management that 
can potentially be controlled or manipulated to some degree. The results of the analyses 
described above are presented in the next section of this chapter before discussion in the 
final section. 
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Results 
The following section presents summaries and analyses of the survival data collected 
from the six study sites between 2001 and 2003. Causes of mortality are presented first 
(Table 4.4 and Figures 4.1 and 4.2), followed by examination of levels of censorship 
(Figure 4.3), survival over time (Figures 4.4 to 4.10) and effect of stocking density on 
survival times and shooting returns (Figures 4.11 to 4.16 and Tables 4.5 and 4.6). The 
effect of stocking density on number of birds predated is then presented (Figure 4.17) 
followed by the effect of body mass on survival (Figures 4.18 and 4.19), the effect of sex 
(Figure 4.20) and finally the correlation of site variables with aspects of survival is located 
at the end of this section (Table 4.7, Table 4.8 and Figure 4.21). 
Causes of mortality 
Overall, shooting was the single greatest cause of mortality in the radio-tagged birds, 
accounting for 173 of the 486 radio-tagged pheasants. The majority of these birds were 
shot on the releasing estates (30% of all radio-tagged birds) with a smaller proportion (5% 
of all tagged birds) shot on neighbouring land. A large number of radio-tagged birds 
(21%) were lost (censored) from the sample prior to or during the shooting season, 
particularly in 2001 and Figure 4.1 (page 78) illustrates the percentages of radio-tagged 
birds in each of the fate categories in 2001, 2002 and 2003 at all six of the study sites. Of 
the 163 incidents of known mortality that were not related to shooting, 76% were 
attributed to either predation or scavenging, with 50% of the 163 cases being predation 
incidents before the onset of shooting. Early pen deaths and disease accounted for 12% 
of the known mortalities with the remainder of deaths being the consequence of 
collisions, drowning etc. (10%) or unidentifiable in terms of the cause (2%). Figure 4.2 
illustrates the causes of non-shooting mortality for all six sites throughout the study 
period. Table 4.4 overleaf summarises the known outcome for all 486 radio-tagged birds 
and estimates the overall proportion of the release in each fate category using the 
frequency of known outcomes and estimates of the fate of censored birds. 
The probable number of censored birds falling into each of the fate categories was 
estimated and the results are also presented in Table 4.4. 
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Fate Frequency of known outcomes 
Estimated 
additional 
count from 
censored 
birds 
Estimated % 
of all radio- 
tagged birds 
*Shot on estate 148 39 0 30.5 
*Shot off estate 25 6 0 5.1 
Predated 80 21 10.7 18.7 
Survived 49 13 30.9 16.4 
Early pen death 12 3 0.9 2.7 
Scavenged or 
Predated 44 11 30.9 15.4 
Unknown 3 1 2.8 1.2 
Other 24 6 24.8 10.1 
Censored 101 - - - 
Total 486 100 101 100 
Table 4.4: Fate of released pheasants estimated from radio-tracking data of 486 
pheasants from 6 release sites in 2001, 2002 and 2003 combined. Additional count from 
censored birds is estimated from proportions of known fates but with no addition to 
categories marked *. Scavenged or predated refers to birds predated (or scavenged) 
during the shooting season. 
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Figure 41: Fate of the 486 radio-tagged pheasants on all six study sites in 2001 (a), 
2002 (b) and 2003 (c), (24.rr530 at each site each year). Medians shown as horizontal 
bars and error bars represent 1.5 x the interquartile range. Dots represent outliers. The 
category labelled "Scavenged" refers to birds predated (or scavenged) during the 
shooting season. See page 69 for details of category definitions. 
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Levels of censorship 
Of the 101 radio-tagged individuals that were censored, 72% were lost after the onset of 
shooting. Backward stepwise analysis of the proportion of radio-tagged birds censored 
before the start of the shooting season (as a function of site, year, stocking density and 
the interaction between site and stocking density) resulted in a minimum adequate model 
including only the year term. The interaction between stocking density and site was not 
significant (F5, 4 = 0.51, P = 0.76) and the main effects of stocking density (F1, 9 = 0.47, P 
= 0.51) and site (F5, 10 = 0.56, P = 0.73) did not significantly affect the proportion of birds 
censored. Year (F2, 15 = 0.47, P = 0.51) however did affect the proportion of birds 
censored and Figure 4.3 illustrates the proportion of tagged birds that were lost from the 
sample before the start of the shooting season in 2001, 2002 and 2003. The level of 
censorship was not significantly different between years 2 and 3 (2002 and 2003; x2 = 
0.04, P = 0.85) but both 2002 and 2003 levels were significantly lower than those of 2001 
(x2 = 3.65, P = 0.05 and x2 = 5.27, P = 0.02 respectively). 
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Year 1 Year 3 Year 2 
Proportion of tagged birds censored before the shooting season each year 
O 
0- LO 
° 
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O 
Figure 4.3: Proportion of radio-tagged birds censored before the start of the shooting 
season in 2001, 2002 and 2003. Error bars represent one standard error above and 
below the mean. 
Survival over time 
The survival of the radio-tagged pheasants between the time of transmitter attachment 
and the close of the shooting season is plotted for each of the sites in 2001, 2002 and 
2003 in Figures 4.4 through to 4.9. Figure 4.10 summarises the overall survival for all six 
sites in 2001, 2002 and 2003. 
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Figure 4.4: Survival of radio-tagged birds at Site 1 in (a) 2001, (b) 2002 and (c) 2003. 
The second (double-headed) arrow illustrates the duration of shooting pressure. 
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Figure 4.5: Survival of radio-tagged birds at Site 2 in (a) 2001, (b) 2002 and (c) 2003. 
The second (double-headed) arrow illustrates the duration of shooting pressure. 
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Figure 4.6: Survival of radio-tagged birds at Site 3 in (a) 2001, (b) 2002 and (c) 2003. 
The second (double-headed) arrow illustrates the duration of shooting pressure. 
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Figure 4.7: Survival of radio-tagged birds at Site 4 in (a) 2001, (b) 2002 and (c) 2003. 
The second (double-headed) arrow illustrates the duration of shooting pressure. 
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Figure 4.8: Survival of radio-tagged birds at Site 5 in (a) 2001, (b) 2002 and (c) 2003. 
The second (double-headed) arrow illustrates the duration of shooting pressure. 
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Figure 4.9: Survival of radio-tagged birds at Site 6 in (a) 2001, (b) 2002 and (c) 2003. 
The second (double-headed) arrow illustrates the duration of shooting pressure. 
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Figure 4.10: Survival of 165 radio-tagged birds at all six sites in 2001 (a), 163 radio- 
tagged birds in 2002 (b) and 158 radio-tagged birds in 2003 (c). 
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Effect of stocking density on survival times and shooting returns 
Figure 4.11 illustrates the number of radio-tagged birds known to have survived to the 
point in time when shooting began in the area into which they were released. 
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Figure 4.11: Proportion of radio-tagged birds known to be alive when shooting 
commenced in the release area, for different stocking densities (poults/ha of release pen). 
Sites are shown as matched symbols indicated in legend, top right (24.r. .30 at each site 
each year). Stocking density did not significantly affect the proportions (F1,12 = 0.07, P = 
0.79). 
The proportion of radio-tagged birds known to be alive at the time when shooting 
commenced in the release area, ranged from 0.21 to 0.93 with a mean of 0.70 ± 0.11 (1 
s.e., n = 18). Upon inspection of the main effects of interval between release and 
shooting (hereafter "time to shoot"), year, stocking density and site and the interaction 
between stocking density and site in a GLM with binomial errors, the time to shoot did not 
have a significant effect on the proportion of birds alive (F1, 4 = 0.27, P = 0.64). The 
interaction between stocking density and site did not have a significant effect on the 
number of radio-tagged birds alive either (F5, 9 = 1.32, P = 0.41). With the time to shoot 
term and interaction term removed from the model, year did not have a significant effect 
on the number of tagged birds alive (F2,11 = 2.07, P = 0.18) and was therefore removed 
from the model too. The effect of stocking density was not significant either (F1,12 = 0.07, 
P = 0.79). With stocking density deleted from the model, site was found to be the only 
explanatory variable with an effect (highly significant) on the proportion of radio-tagged 
birds alive at the start of the shooting season (F5,11 = 51.16, P < 0.01). 
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Figure 4.12 below illustrates the weekly survival rates of the radio-tagged birds when 
pens were overstocked (a) and understocked (b), and the subsequent Table 4.5 details 
the results of paired t-tests examining the impact of over or under-stocking release pens 
on survival rates in the 12 weeks following release. 
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Figure 4.12: Weekly survival rates of radio-tagged pheasants across all six sites when 
pens were most heavily overstocked (a) and least heavily stocked (b). Medians shown as 
horizontal bars and error bars represent 1.5 x the interquartile range. Dots represent 
outliers. 
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Weeks following 
release t df P 
1 -1 5 0.36 
2 No deaths recorded in week two 
3 -0.494 5 0.64 
4 -0.675 5 0.53 
5 0.057 5 0.96 
6 -0.227 5 0.83 
7 -1.630 5 0.16 
8 -0.515 5 0.63 
9 1.058 5 0.34 
10 0.768 5 0.48 
11 1.474 5 0.20 
12 1.409 5 0.22 
Table 4.5: Results of paired t-tests on arcsine transformed survival rates of radio-tagged 
birds in weeks 1- 12 following release. Pairing contrasted the transformed survival rates 
in the year each pen was most heavily stocked with the rates in the year the same pen 
was least heavily stocked. No significant differences in survival rates were detected. 
Table 4.6 overleaf presents the consistency of shooting effort at each site over the three-
year study period. The total number of days shooting on each estate is based on pre-
season booking information and the number of days where drives incorporated the 
release area (tabulated in the final column) were reported by the game managers at the 
close of the season. 
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Site Year Days Shooting total Days shootingrelease area 
1 
2001 
45 
15 
2002 10 
2003 12 
2 
2001 
45 
6 
2002 6 
2003 7 
3 
2001 
26 
9 
2002 9 
2003 9 
4 
2001 
20 
7 
2002 7 
2003 8 
5 
2001 
27 
10 
2002 8 
2003 9 
6 
2001 
41 
8 
2002 9 
2003 9 
Table 4.6: Shooting effort in each of the three study years at each of the study sites. 
Total days shooting based on pre-season information. Game managers reported the 
number of days where drives incorporated the release area, at the close of the season. 
The proportions of radio-tagged birds that were eventually shot during the course of the 
season ranged from 0.04 to 0.57 at different sites in different years with a mean value of 
0.35 ± 0.11. The proportions shot at each of the six study sites are illustrated in Figure 
4.13. 
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Figure 4.13: Proportion of radio-tagged birds shot in 2001, 2002 and 2003 for different 
stocking densities (poults/ha of release pen). Sites are shown as matched symbols 
indicated in legend, top right (24..n..30 at each site each year). Stocking density did not 
significantly affect the proportions (F1, 9 = 2.45, P = 0.15). 
Modelling the proportion of radio-tagged birds shot in each site/year combination to test 
the main effects of time to shoot, site, year and stocking density and the interaction 
between site and stocking density, revealed a non-significant effect of the time to shoot 
term (F1, 4 = 0.01, P = 0.92). Once this was removed, a non-significant effect of the 
interaction term (F1, 4 = 0.24, P = 0.93) was also noted. The interaction term was removed 
from the model and the stocking density variable was also determined to make no 
significant contribution to the model (F1, 9 = 2.45, P = 0.15) and was therefore deleted 
from the model. Site and year both had a significant effect on the proportion of radio-
tagged birds that were shot on estates (F5, 10 = 4.81, P = 0.02 and F2, 10 = 4.41, P = 0.04 
respectively) and were, therefore, retained in the model. Data on the wing-tag returns 
were available for only five of the six study sites and the proportions shot are shown in 
Figure 4.14 overleaf. 
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Figure 4.14: Proportion of wing-tagged birds shot in 2001, 2002 and 2003 for different 
stocking densities (poults/ha of release pen). Sites are shown as matched symbols 
indicated in legend, top right (400 -72000 at each site each year). Stocking density had a 
significant effect on the proportions (F1, 13 = 11.62, P < 0.01). 
The proportion of wing-tagged birds that were shot ranged from 0.18 to 0.41 with a mean 
of 0.28 ± 0.11. The main effect of time to shoot did not contribute significantly to the 
model (F1, 3 = 4.03, P = 0.18) and was therefore removed. The two-way interaction 
between stocking density and site was also not a significant term (F4, 3 = 4.94, P = 0.11) 
and was deleted from the model. The main effect of site was not significant in explaining 
the proportion of wing-tags shot either (F4, 7 = 3.46, P = 0.07). The effect of year was 
tested in the simplified model and was found to be non-significant (F2, 11 = 2.55, P =0.12). 
Stocking density had a highly significant effect on the proportion of wing-tagged birds 
being shot however (F1, 13 = 11.62, P < 0.01). The proportion of wing-tagged birds being 
shot decreased with increased stocking density although the actual number of birds shot 
increased with elevated levels of stocking (illustrated in Figure 4.15 overleaf). The values 
predicted by the minimum adequate model, which retained only the stocking density term 
are plotted against stocking density in Figure 4.16. 
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Figure 4.15: Actual number of wing-tagged birds shot in 2001, 2002 and 2003 for 
different stocking densities (poults/ha of release pen). Sites are shown as matched 
symbols indicated in legend, top right (400r72000 at each site each year). No data was 
available from Site 2. 
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Fgure 4.16: Back-transformed (from logits) proportions of wing-tagged birds shot, plotted 
against stocking densities (poults/ha of release pen) predicted by the glm of proportions 
shot, as a function of the stocking density. Stocking density had a significant effect on the 
proportions (F1,13 = 11.62, P < 0.01). Data used in the model was from Sites 1,3,4,5 and 
6 in 2001,2002 and 2003. 
Effect of stocking density on number of birds predated 
In 2001, a significant relationship between the number of birds predated and the stocking 
density of a release pen was detected (t1, 5 = 3.23, P = 0.03), with an increasing number 
of birds predated where higher stocking densities had taken place. This significant 
relationship was not replicated in the data from 2002 (t1,5 = -0.43, P = 0.69) or 2003 (t1, 5 = 
0.82, P = 0.46). The relationships are plotted in Figure 4.17 overleaf. 
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Figure 4.17: Relationships between number of radio-tagged birds predated from each 
pen and the releasing density within the pen in (a) 2001 (significant), (b) 2002 and (c) 
2003. Straight lines represent a regression of the numbers predated against the stocking 
density. Adjusted R2 = 0.65 in 2001, and —0.19 and —0.07 in 2002 and 2003 respectively. 
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Effect of body mass 
The body mass of radio-tagged birds (at the time of tagging) that survived to the start of 
the shooting season was not significantly different from those that did not survive (paired 
t11 = 0.99, P = 0.36). Figure 4.18 illustrates the mean body mass (grams) of hens and 
cocks at each site for the two groups. 
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Figure 4.18: Mean body mass of hens and cocks at each of the six study sites for those 
birds that survived to the start of the shooting season and those that did not. (15r138 
survivors and 1r121 non-survivors for each site/sex combination, a total of 12 pairs 
tested). Medians shown as horizontal bars and error bars represent 1.5 x the interquartile 
range. Dots represent outliers. 
The body mass of radio-tagged birds (at the time of tagging) that were predated before 
the start of the shooting season was not significantly different from those that were not 
predated (paired t10 = 0.51, P = 0.62). Figure 4.19 overleaf illustrates the mean body 
mass (grams) of hens and cocks at each site for the two groups. 
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Figure 4.19: Mean body mass of hens and cocks at each of the six study sites for those 
birds that were predated and those that were not. (315 at predated and 22 /7573 not 
predated for each site/sex combination, a total of 11 pairs tested). Medians shown as 
horizontal bars and error bars represent 1.5 x the interquartile range. Dots represent 
outliers. 
Effect of sex 
The proportion of released pheasants that survived to the start of the shooting season 
was independent of the gender of the birds (X21 = 0.03, P = 0.87). Likewise the variables 
of gender and predated (or not) were independent of each other (X21 = 0.08, P = 0.77). 
Figure 4.20 illustrates the proportion of male and female tagged pheasants surviving to 
the start of the shooting season and the proportion of each gender that were predated 
before the onset of shooting. 
Figure 4.20: Proportions of the male and female radio-tagged birds surviving to the start 
of the shooting season (a) and proportions that were predated, or not, prior to the start of 
the shooting season (b). Error bars represent one standard error above and below the 
mean proportion. n = 242 females and n = 244 males. 
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Effect of site and year 
A series of correlations between proportions of birds alive and site variables and then 
proportions of birds predated and the same set of site variables are presented in Table 
4.7 (below). There was very little correlation detected between any of the pairs of 
variables at the site level and no significant relationships were found. 
Table 4.8 (overleaf) presents a second set of analyses incorporating a study of the 
correlation between variables that differed in each site year combination, and the 
proportion of birds alive at the start of the shooting season or the proportion predated. 
Very little correlation was detected for these pairs of variables with the exception of the 
date of release. The date of release was positively correlated with the proportion of birds 
alive at the start of the shooting season and this was a significant relationship (R = 0.59, 
P = 0.01, n = 18). Conversely the proportion of poults predated was negatively correlated 
with the date of release and again, this relationship was significant (R = -0.53, P = 0.03, n 
= 18). Figure 4.21 (page 100) illustrates both of these significant relationships. 
Response Explanatory variable n Rho P 
Proportion alive Shrubby cover 6 0.09 0.92 
Proportion alive Managed area 6 -0.31 0.56 
Proportion alive Game crops 6 -0.27 0.56 
Proportion alive Woodland 6 -0.34 0.50 
Proportion alive Keeper ha 6 -0.32 0.56 
Proportion alive Site foxes 6 -0.03 1.00 
Proportion predated Shrubby cover 6 -0.14 0.80 
Proportion predated Managed area 6 0.26 0.66 
Proportion predated Game crops 6 -0.21 0.71 
Proportion predated Woodland 6 0.06 0.92 
Proportion predated Keeper ha 6 0.35 0.50 
Proportion predated Site foxes 6 0.26 0.66 
Table 4.7: Spearman's rank correlation coefficient and the associated probability value 
for correlation between proportion of radio-tagged birds alive and a selection of site 
variables, then proportion predated and the same set of site variables (n = 6). No 
significant relationships detected. 
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Response Explanatory variable n Rho P 
Proportion alive Stocking density 18 -0.24 0.34 
Proportion alive Date of release 18 0.59 0.01 
Proportion alive Time to shoot 18 -0.17 0.51 
Proportion alive Age 18 0.23 0.36 
Proportion alive Time to pen opening 18 0.11 0.66 
Proportion alive Year foxes 18 -0.20 0.43 
Proportion predated Stocking density 18 0.40 0.09 
Proportion predated Date of release 18 -0.53 0.03 
Proportion predated Time to shoot 18 0.23 0.35 
Proportion predated Age 18 -0.43 0.08 
Proportion predated Time to pen opening 18 0.07 0.77 
Proportion predated Year foxes 18 0.42 0.08 
Table 4.8: Spearman's rank correlation coefficient and the associated probability value 
for correlation between proportion of radio-tagged birds alive and a selection of site/year 
variables, then proportion predated and the same set of site/year variables (n = 18). 
Significant relationships (95% level) highlighted in bold. 
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Figure 4.21: Significant correlation between the date of release and the proportions of 
radio-tagged birds surviving to the start of the shooting season (top) (R = 0.59, P = 0.01, 
n = 18) and the proportions predated during this time (middle) (R = -0.53, P = 0.03, n = 
18), in each year at each site. The proportion of birds lost through censorship or other 
causes of mortality for comparison (bottom). Straight lines represent the proportions 
modelled as a function of the release date. 
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Discussion 
The annual summer release of pheasants in the UK is undertaken in order to provide 
mature birds, with some adaptation to life in the wild, for hunting. Whilst the time between 
release and the shooting season enables these goals to be achieved, the results 
presented here indicate that it also provides a lengthy window during which time heavy 
losses can occur resulting in severely depleted populations available for shooting. The 
wide range of losses (particularly to predators) encountered in this study and the 
implications for game managers are discussed here. The discussion is organised into 
sections covering causes of mortality, levels of censorship, survival over time, effect of 
stocking density on shooting returns, effect of body mass, effect of sex and site and year 
effects. A summary of conclusions closes the chapter. 
Causes of mortality 
The single greatest cause of mortality in this study was, as expected, shooting. The 
shooting return rates from my study, and the UK as a whole, compare favourably with 
return rates using different releasing methods in other countries. Tapper (1999) and 
Aebischer (2003) suggest a shooting return rate from a sample of several hundred UK 
estates to be around 40%. This is higher than in my study (30%). It would be reasonable 
to expect that shooting returns from my study would be higher than the average, because 
all of my study sites employ professional game managers. There are, however, a number 
of factors that may account for this difference. Firstly, the contribution of birds released on 
neighbouring land is not considered. The figure of 40% is based on the number of birds 
that have been shot (including those that have been released onto neighbouring estates 
and subsequently dispersed into the area) as a proportion of the number of birds 
released on the estate. In addition to the 30% average return rate from study pens 
achieved by my sites, a further 5% of the pheasants in my study were shot beyond the 
boundaries of the releasing estate (dispersal from the release area is explored in 
Chapters 5 and 6). It is reasonable to assume that similar proportions of birds from 
neighbouring releases also contribute to the overall shooting returns on my study sites. 
Secondly there may also be wild pheasants contributing to the number of birds being 
shot, again, elevating the number of birds shot as a proportion of the number released. A 
third possible explanation for the difference in published return rates to those found in my 
study is an underestimate of the overall level of releasing in published estimates. Tapper 
(1999) and Aebischer (2003) both rely on data voluntarily submitted to the National 
Gamebag Census (NGC) by game managers or landowners. Whilst many of the 
releasing figures will be accurate, it is possible that the measure of released pheasants 
will, in some instances, be the number of poults purchased and exclude additional stock 
acquired and released such as ex-laying hens for example (game managers have a 
vested interest in achieving high return rates). It should also be noted that due to the 
voluntary nature of data submission, the dataset might over-represent those releasing at 
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lower densities, achieving higher return rates as a proportion of the release. As a 
consequence of these factors, the widely accepted figure of 40% may be an 
overestimate. In fact, early Game Conservancy studies of return-rates from 354 shoots 
(based on wing-tags collected on shoot days) found results comparable to this study with 
an average return rate of 29.5 % (Bray, 1969) though this data-set did include shoots 
releasing birds less than 5.5 weeks old. 
There are, however, possible explanations as to why my return rate may actually be an 
underestimate. For example, due to the experimental manipulation of releasing levels it is 
possible that game managers opted to stock the experimental pen with "poor quality" 
birds (in an attempt to minimise the risk of a potentially unreliable releasing outcome from 
the study pen). Alternatively they may have invested less resources in the experimental 
pen than usual (due to lower expectations of the study pen) or offered the use of release 
pens suspected of relative poor performance in relation to other release pens on the 
estates, to gain a better understanding of the movements of birds from the study pens. 
There is no evidence to support these suggestions though and game managers 
cooperated fully with the experimental manipulation. It is also possible that the process of 
tracking the birds led to elevated levels of disturbance that had a negative impact on the 
released cohort and ultimately resulted in lower return rates. It is certainly true that where 
study pens had particularly poor survival rates and consequently very low return rates 
(among both the radio-tagged and wing-tagged populations), this poor performance was 
not reflected in the return rates of the Estates as a whole. 
The between estate and between year variance in the shooting return rate in my study 
was large (4 — 50%). Although shooting pressure will account for some of this variation 
across sites, my data suggests that the proportions of birds surviving to the start of the 
shooting season (and thus available to shoot) are significantly different between sites and 
this is discussed later in this section along with factors that may affect survival to the 
shooting season. 
Second only to the proportion of birds shot, predation was known to be responsible for 
the fate of 16% of the radio-tagged population, all of which took place before shooting 
commenced with a further 9% of the tagged birds predated (or possibly scavenged by 
predators) during the course of the shooting season. Incorporating estimates of the fate 
of censored individuals, the proportion of radio-tagged birds predated was approximately 
19% with a further 15% scavenged or predated during the course of the shooting season. 
These levels of predation are much smaller proportions than in other studies due to the 
high levels of shooting mortality occurring in my study. Excluding those birds that were 
shot, 50% of the known mortalities were predation incidents (before the shooting season 
had commenced) with a further 26% of all known mortality attributed to either predation or 
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scavenging by predators during the shooting season. This level of predation concurs with 
the findings of many studies of pheasant mortality (Burger, 1964; Hessler et al., 1970; 
Trautman, 1982; Goransson & Loman, 1986; Krauss et al., 1987; Leif, 1994; Hoodless et 
al., 1999; Riley & Schulz, 2001; Sage et al., 2001) all of which found predation to be 
responsible for much (up to 90%) of pheasant mortality. 
Most recorded predation of hand-reared pheasants in the UK is attributed to foxes 
(Robertson, 1988; Woodburn, 1999a; Sage et al., 2001) and predation at release sites 
may be accentuated by "surplus" killing (a functional response), which has been 
documented in mammalian carnivores (Kruuk, 1972). One of 80 known predation 
incidents in my study was attributed to raptors while mammalian predators, primarily the 
fox, were responsible for the remainder. Kenward (1977) found that goshawk predation 
rates of released pheasants in Sweden decreased as the shooting season progressed 
because survivors were more experienced in predator avoidance behaviours. Kenward 
also suggested that shot-damaged pheasants might be more vulnerable to goshawk 
predation as they move from good to poor habitat in order to avoid shooting pressure. It is 
certainly plausible that some pheasants classified as "scavenged or predated" in this 
study were shot-damaged birds vulnerable to fox predation, in addition to those uninjured 
birds that were predated i.e. genuine predation incidents as opposed to carcasses of shot 
(and killed) birds that were not retrieved on shoot days. The proportion of birds in each of 
these three categories was not explored in this study, due to the infrequency of visits 
during the course of the shooting season — the available field evidence was not sufficient 
to make any such distinctions. Future research incorporating daily visits to known 
carcasses, to monitor scavenging rates and counts of injured individuals following shoot 
days would improve understanding in this area. 
Comparisons of hand-reared and wild gamebirds have demonstrated differences in anti-
predator responses that suggest a learning process is involved in this type of survival 
behaviour (Desforges & Wood-Gush, 1975; Dowell, 1990; Leopold, 1944). The absence 
of parental influence during the intensive rearing process may leave hand-reared birds 
lacking appropriate anti-predator strategies and thus vulnerable following release. Beani 
& Dessi-Fulgheri (1998) report that intensive rearing has not deeply altered anti-predator 
behaviour in captive grey partridge (Perdix percli.x), but juveniles learn to direct specific 
behaviour at specific predators from their parents and therefore hand-reared birds are 
prone to adopt inappropriate anti-predator responses. 
It is possible that the level of raptor predation has been underestimated in my study, as 
radio-transmitters were not attached, with two exceptions, until 21 days after release. This 
was a necessary compromise to accommodate poult growth and ensure the transmitters 
did not affect normal behaviour of the pheasants (see Chapter 3 for details on the impact 
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of the radio-transmitters upon pheasant poults). A consequence of this delay is that 
mortality in the first 21 days following release remains largely unquantified. Robertson 
(1988) found the highest rates of mortality in an Irish release pen were associated with 
departure from the pen, which was on average 27 days after release. Nonetheless, some 
aspects of mortality such as early pen deaths associated with the shock of release and 
raptor predation of the naïve poults, small enough to be suitable prey for sparrowhawks 
(Accipiter nisus) as well as buzzards at the time of release, might have been 
underestimated in my study. Kenward et al. (2001a) however also report that predation of 
pheasants by buzzards accounts for a small proportion of a released cohort; just 21% of 
releases had more than two pheasant kills per week immediately following release. 
The proportion of early pen deaths recorded in my study was 3% of the radio-tagged 
pheasants, which is similar to the mortality of 10-week old pheasants experimentally 
released in Germany, reported by Sodeikat et a/. (1995) who retrieved all carcasses from 
the release pen. Mortality within pheasant release pens is also reported to be as high as 
19% (Robertson & Whelan, 1987a) though this figure is based on the fate of birds from 
just one release pen that may have been subject to above average levels of disease or 
stress related mortality. Due to the low incidence of early pen deaths, there was 
insufficient data to explore the relationship between stocking density and this type of 
mortality in my study. 
Many of the predated carcasses retrieved during the course of the study would have 
remained undetected without the aid of radio-tags and it is probable that game managers 
generally underestimate mortality of released birds, with depleted numbers being 
attributed to dispersal from the release site instead. The very high levels of predation 
encountered at Site 1 in particular, and the associated low shooting returns did not reflect 
the return rates of the estate as a whole. Reynolds & Tapper (1995) observed similarly 
high predation rates on occasion: the loss of 75 reared pheasants in one release pen in 
one night when foxes gained access to the pen for example. The problem of very high 
levels of predation appeared to be localised to one release pen, in one year. 
13% of my radio-tagged birds were known to have survived beyond the end of the 
shooting season and estimates of the fate of unknown (censored) birds would increase 
this value to 16%, which is similar to juvenile survival rates in wild pheasant populations 
(Balmer & Peach, 1996). None of these birds went on to contribute to the shooting bag in 
subsequent years however. Similarly, the wing-tag returns indicated less than 1% of the 
study birds as a whole contributed to the shooting bag in subsequent years. Poor survival 
between winters, dispersal away from the releasing estates and the practice of catching-
up any surviving pheasants in spring (for use as breeding stock at game farms) all 
contribute to the very small return rates of a particular cohort in subsequent years. These 
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factors also result in limited opportunity for hand-reared birds to contribute to the breeding 
population in spring. Though no attempt to document any such contribution of the 
surviving radio-tagged birds was made in this study, the probability of hand-reared birds 
breeding successfully is known to be lower than that of wild birds (Jarvis & Engbring, 
1976; Hill & Robertson, 1988b; Robertson & Dowell, 1990; Brittas etal., 1992; Lief, 1994; 
Sage & Robertson, 2000; Woodburn, 2001a). Hand-reared birds are also thought to 
suppress wild pheasant productivity (Robertson & Dowell, 1990; Robertson, 1994). The 
hand-reared birds experience higher levels of mortality and reduced ability to hatch and 
raise young but will still attempt to breed, utilising resources that would otherwise be 
available to productive, wild birds. 
Losses to other causes of mortality such as collisions (with fences and vehicles) and 
drowning accounted for an estimated 10% of the released birds (6% of all the known 
fates). Although these losses seem unavoidable from a management perspective, Leif 
(1994) noted that accidental deaths only occurred in reared pheasant populations and not 
the wild individuals that were studied. It is not clear whether genetic differences or the 
absence of parental birds (as discussed earlier) leave hand-reared pheasants vulnerable 
to "accidental" mortality. The fate of some radio-tagged birds was not known and the 
following section discusses the levels of censorship in my study. 
Levels of censorship 
Censorship, due either to transmitter failure preventing the relocation of individuals or 
inability to detect a signal when individuals had moved out of the areas being searched, 
resulted in the ultimate fate of almost 21% of birds being unclassified. Although extensive 
searches were undertaken in an effort to minimize the latter, a number of individuals that 
had been lost from the sample were subsequently retrieved in the shooting bag of 
neighbouring estates. Much of the censorship took place once shooting had commenced 
and many analyses presented in this thesis therefore remain unaffected by any loss of 
data. At this time, site visits became less frequent, and the pheasants continued to 
disperse away from the release area and although the transmitters had a theoretical 
lifespan greater than the period of study, the probability of failure increases with time. 
Analysis confirmed that the level of censorship did not vary significantly between sites or 
with stocking density therefore comparisons of mortality and survival time between sites 
and levels of stocking density are meaningful. It was clear however that significantly 
greater levels of censorship took place in 2001 when contrasted with that of 2002 and 
2003. This can be explained primarily by the change in radio-tags used in the study after 
the first year of fieldwork. The transmitters used in the first field season had a high failure 
rate and a poor range (commonly less than 50m), which led to increased censoring of 
dispersing individuals. Consequently, a decision to upgrade the radios was taken and the 
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loss of birds from the study between releasing and the start of the shooting season 
decreased from 12% to just 5% and 4% in 2002 and 2003 respectively. The lower levels 
of 2002 and 2003 are in line with transmitter failure levels reported in other avian radio-
tracking studies (Kenward et al., 1999; Kenward et al., 2000). 
The level of censorship does not greatly influence the interpretation of the fate data as 
some categories of fate such as proportion of birds shot remain unaffected by censorship 
and categories that may have been affected by censorship incorporated an estimate of 
the contribution from the censored population as well as known observations (see Table 
4.3, page 75). As much of the censorship took place after shooting commenced the 
analysis of survival over time for this period, discussed in the next subsection, was also 
unaffected. 
Survival over time 
The between estate and between year variance in the survival of radio-tagged birds in my 
study was large; between 21 — 93% of the tagged birds were known to have survived to 
the start of the shooting season, typically around 100 days after release. The overall 
survival to the start of the shooting season across the six sites (in all years combined) 
was 70%, which compares favourably with other releasing systems. In the USA, birds are 
often released straight from cages into the wild in the days prior to shooting, with no 
attention to feeding or predator management. Survival in the range 2% - 30% from the 
time of release is not uncommon (Burger, 1964; Hessler et aL, 1970; Haensly et aL, 
1985). Post release shock (Burger, 1964), unfamiliarity with natural foods (Buss, 1946), 
behavioural deficiencies and genetics (Hessler et al., 1970) have been suggested as 
causes of poor survival. The use of a release pen which affords some protection from 
predators and the provision of food, water and some predator control all contribute to the 
higher rates of survival in my study. 
In France, Mayot (2003) found that two large open-topped pens, or "English" pens as they 
are termed, produced a return of shot birds 35% higher than the equivalent 15 smaller 
pens that the French use. The French method involves releasing between 10 and 100 
pheasants kept in small closed-topped pens for around a week, before being trickled out 
in small batches over several days. This is similar to the way red-legged partridges are 
released onto agricultural land here in the UK (Game Conservancy, 1996). The birds 
remaining in the pen tend to hold the other released birds in the area during the period of 
adjustment to the wild. Return rates were 20% higher from two large pens compared to 
the small pen equivalent at one site, over 5 years. Actual return rates were quite low, 
typically 15 — 20% ("English" pens) and 10 - 15% (small pens). Burger (1964) found that 
return rates a year later from birds released into "English" pens in the USA, although just 
a few percent, were almost double those from the smaller pens. This indicates that the 
106 
large open-topped pen, with its process of gradual acclimatisation and access to roosting 
also produces birds more able to contribute to wild breeding stocks as well as the bag. 
The main experimental component of my study involved manipulating the stocking 
density of each release pen between years and the effect this had on the proportion of 
birds alive at the start of the shooting season was tested, along with the effect of site and 
year. This first analysis revealed that of these explanatory variables tested, only site 
influenced the proportion of birds alive at the start of the shooting season. Additional 
investigations of which aspects of the releasing sites affect survival found calendar date 
of release (distinct from the interval between release and shooting) to be correlated with 
survival, and these results are discussed later in this chapter. The interval between 
releasing and shooting did not affect the proportion of birds alive at the start of the 
shooting season in this study. 
Effect of stocking density on survival times, shooting returns and predation 
In addition to the differences between sites, it is evident that stocking density can shape 
the proportion of birds that are shot. The proportion shot from the study pens decreased 
as stocking levels increased, though this relationship was evident only in the much larger 
wing-tag returns. The data collected from radio-tagged birds did not demonstrate a 
connection between stocking density and any type of mortality. Analysis of the 
relationship between the proportion of wing-tagged birds and the proportion of radio-
tagged birds that were shot on the releasing estate is presented in Chapter 3 page 55. 
Although testing the equality of proportions of birds from each group did not, on the 
whole, suggest the estimates of shooting returns were significantly different from each 
other, it is possible that the estimates based on the relatively small number of radio-
tagged birds were less precise than those based on the wing-tag data. When 
incorporated into a generalised linear model the more precise estimates, based on the 
much larger numbers of wing-tagged birds from the study pen as a whole, enabled a 
significant relationship between the stocking density and shooting returns to be detected. 
Although the proportion of the release being shot decreased as stocking densities were 
elevated, the overall number of birds being shot did increase as density was increased. 
There are a number of possible explanations as to why increasing the stocking density 
resulted in decreased proportions of pheasants in the wing-tagged sample being shot. 
Firstly, this might be a product of some birds dispersing further from the release site when 
released in greater numbers, a kind of density dependent dispersal. Dispersal will be 
documented in Chapter 5 of this thesis and will be further investigated (in connection with 
the releasing density and other aspects of management) in Chapter 6. Increased losses 
to non-shooting mortality, such as predation might also account for the differences. There 
might have been either a functional response, with predators keying in to the released 
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poults and eating more of them, or a numerical response: more predators attracted into 
the area as a result of the increased density of prey (Reynolds et al., 1988), when 
stocking levels were elevated. Literature suggests that mobile predators in 
heterogeneous environments will be distributed in a non-random fashion, with most 
hunting occurring in patches yielding the greatest net energy gain (Stephens & Krebs, 
1986). It follows that even at low densities foxes may be spending disproportionate 
amounts of time hunting in densely stocked pheasant release areas. In contrast, a study 
of buzzard predation at release pens (Kenward et al., 2001a) suggests that elevated 
levels of stocking will decrease the level of predation. 
Increased numbers of birds within a release pen might also have amplified stress and 
competition for resources (food and water) leaving the birds more susceptible to disease 
and predation (Robertson, 1991b). However, the weekly survival rates of radio-tagged 
birds from overstocked and understocked release pens were not significantly different 
from each other, suggesting that factors other than losses in the first 12 weeks following 
release (through any cause of mortality) are determining the proportion of released birds 
that ultimately get shot. There was some indication in 2001 however, that losses 
specifically to predators increased with increasing densities of pheasants released (when 
measuring the actual number of birds predated before shooting commenced). 
This relationship between density of release and number of birds predated was not 
evident in 2002 and 2003 indicating that perhaps the sites that were assigned lower 
releasing levels in 2001 were those with consistently higher predation levels (and vice 
versa) generating a significant relationship between the two variables by chance alone. 
There was also no evidence in my study to suggest that changes in the levels of 
pheasant stocking in a single pen at each site, brought about any changes in the 
proportions of birds succumbing to predation at these sites however. 
An alternative explanation for the relationship between stocking density and shooting 
returns is that the shooting around the release area might already be close to saturation 
with smaller numbers of birds present. The number of shoot days remained constant in all 
three years of the study and is largely determined by the number of times an area can be 
driven during the shooting season without permanently displacing the birds (McCall, 
1985). It is possible that there were more pheasants alive and flying over the guns on 
shoot days when the pen was overstocked and indeed, more birds were shot, but the 
level of shooting could not increase enough to generate consistent proportions of the 
release being shot across years. Given the decline in return rates (as a proportion of the 
birds released into a given pen) when stocking was practiced at higher levels, it is 
conceivable that shoot managers could achieve economic gains by releasing lower levels 
of birds per hectare of pen than are currently practiced. The extremes of the modelled 
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data suggest that a return rate of 33% can be achieved when stocking at 573 birds ha-1  of 
release pen (somewhat lower than current recommendations of 700 birds ha' (Sage& 
Swan, 2003)), contrasting with a return rate of just 21% when stocking at 4912 birds ha-1. 
If an estate is planning to shoot 10,000 birds over a season, and releases at 573 birds ha-
1 of pen, an estimated 30,300 birds must be released to achieve the 10,000 bag. In 
contrast, the model predicts that to shoot the same number of birds when releasing takes 
place at 4912 birds ha' requiresthe release of 47,600 pheasant poults. Considering 
these examples, over 60 one-hectare pens stocked at 573 birds ha-1  of pen would be 
required to meet the 10,000 bag target, assuming return rates of 33% in contrast to just 
under ten if the one-hectare pens were stocked at 4912 birds ha-1. Clearly, there are cost 
implications associated with increased number of release pens in terms of both the 
materials required to construct them and the additional resources involved in managing 
the pens (additional manpower would be required for feeding, predator control and 
maintenance of the release pens). There is also a potential cost to the environment if a 
low-density releasing strategy leads to an increase in the quantity of woodland given over 
to release pens, which are known to have a negative impact on woodland flora for 
example (Sage et al., 2005). 
It should be noted that for the duration of the study, the numbers of pheasants released 
throughout the participating estates remained relatively constant. Consequently, when a 
study pen was understocked, other release pens, located elsewhere on the estate, may 
have been stocked with additional birds and vice versa when the study pen was 
overstocked. Movement of non-study birds to and from the release area may have 
influenced the management of shoot days to some extent. The wing-tag data nonetheless 
suggests that the proportion of birds contributing to the shooting bag from any given pen 
decreases as the number of birds that are released into it increases, given that shooting 
pressures and overall releasing at the estate level remained constant across years. The 
implications of manipulating stocking densities at the pen rather than estate level in this 
study are discussed further in Chapter 7, page 204. 
Effect of body mass 
A number of studies have found a connection between body mass and survival (Kenward, 
1976; Snyder, 1985; Carroll, 1990; Gosler et al., 1995) and there is some evidence to 
suggest that predators capture substandard (diseased) individuals with reduced body 
mass disproportionately from prey populations (Temple, 1987). There was no evidence of 
a relationship between body mass and survival in this study however. Neither the 
proportions of birds alive at the start of the shooting season nor the proportions of birds 
predated were related to body mass at the time of radio-tagging. It is probable that 
variation in body mass in my study reflected variation in body size and not condition; even 
the lightest poults probably still represent healthy individuals in relatively good condition. 
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Supplementary feeding is known to improve condition and increase survival rates in a 
number of bird species (Draycott et aL, 1998; Jones, 2004) and game managers provide 
food in abundance for released pheasant poults. The provision of food means that 
individuals can spend less time foraging (and consequently more time on survival 
behaviours such as vigilance) than they might in the absence of supplementary feeding 
thus making them less vulnerable to predation. Even released poults in poor condition 
can therefore devote more time to anti-predator behaviour than birds released without the 
provision of a plentiful food source. 
Another factor that goes some way to explaining the lack of a relationship between body 
mass and survival is the protection from predators afforded by the release pen. Birds in 
both poor and good condition alike are relatively safe from predators prior to departure 
from the release pen (Robertson, 1988). A link between body condition and dispersal has 
also been demonstrated in birds (Barbraud et aL, 2003) with birds in better condition 
dispersing further from natal sites. If such a relationship were true for pheasants, poults in 
poorer condition that would normally be vulnerable to predation may remain in the relative 
security of the release pen for longer periods. 
Effect of sex 
As per the impact of body mass, no relationships between gender and survival to the start 
of the shooting season, or gender and proportion of poults predated were detected in this 
study. Other studies of bird survival have also reported no difference between the 
longevity of males and females (Dobson, 1987). There has been conflicting evidence as 
to whether or not gender influences pheasant survival however. Hessler et aL (1970) did 
not detect any differences between juvenile hen and cock survival, but a later study 
(Petersen etaL, 1988) reported increased survival in juvenile hen pheasants when 
compared to cocks. It is possible that survival in the first 21 days following release (which 
was not monitored in this study) differs between hen and cocks. Gill (1974) suggested 
that hens were more susceptible to post-release trauma than cock birds, which could 
influence survival in the period prior to tagging and monitoring in this study. 
There is evidence that behavioural differences between wild and reared birds account for 
the vulnerability of reared birds to predation, and these deficiencies are common to both 
genders (Hessler et aL, 1970; Krauss et aL, 1987). 
Effect of site and year variables: significance of date of release 
Analysis of the proportion of birds alive at the start of the shooting season highlighted the 
importance of the study site in determining the fate of released pheasants. A number of 
site attributes were recorded during the study and tested for correlation with aspects of 
survival. Only the relationships between date of release (distinct from the interval 
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between release and the onset of shooting) and both proportion of birds surviving to the 
start of the shooting season and proportion predated were significantly correlated. This 
was a particularly interesting result as the interval between release and shooting (referred 
to as "Time to shoot" in the variables tabulated in Table 4.3, page 75) was not correlated 
with survival or predation. Sites releasing pheasants later in the year, irrespective of how 
close this date was to the onset of shooting, had higher proportions of birds alive at the 
start of the shooting season and experienced lower levels of predation. The fact that the 
interval length ("time to shoot") between release and the onset of shooting was not 
significantly correlated with survival means the significance of the date of release cannot 
be explained by the fact that there is potentially more time for losses to occur, following 
an early (June/July) release compared to releases in August/September. A possible 
explanation for the correlation between date of release and survival is that fox densities 
are at their highest in the early part of the summer and newly released pheasant poults 
provide a relatively easy source of food for juvenile foxes that are not yet proficient 
hunters. The earliest releases in this study took place in June and coincide with the 
period when adults are still feeding cubs at the earth (Reynolds & Tapper, 1995). During 
this time, the energetic demands on the vixen are high and Reynolds & Tapper noted that 
fox diets depended heavily on medium sized birds (and mammals) of between 0.3 and 
3.5kg. Pheasant releases later in the year, occur when mortality and dispersal of juvenile 
foxes has resulted in lower overall fox densities. 
A second explanation is the timing of predator control efforts. Although predator control 
occurs to some extent throughout the year on my study sites, efforts are commonly 
concentrated in the period immediately following harvest. The removal of the crops 
facilitates "lamping" of foxes (shooting with a rifle at night, with the aid of a vehicle and a 
spot-light) and the control efforts may temporarily depress the density of foxes at a time 
when the late-release cohorts are most vulnerable. This could bring about decreased 
incidents of predation upon the cohort and therefore elevated levels of survival. 
Changes in vegetation may also account for this result as thicker vegetation developing 
through the summer months facilitates evasion of predators. Haensly et al. (1985) looked 
at the timing of release and genetics in large samples of radio-tagged females that were 
released in early summer for the purposes of immediately restocking breeding 
populations. In the three years of study, mean hen survival for 110 days (until autumn) 
was 13%, 22% and 33%, depending on whether the release was mid April, end April/early 
May, or mid May respectively. The second release timing was significantly better than the 
first and the authors attributed this to seasonally improving cover. 
The level of shrubby cover was not correlated with survival in this study, but a link 
between habitat and survival has been demonstrated elsewhere (Snyder, 1985; Meyers 
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et al., 1988; Cote & Sutherland, 1997; Gabbert et al., 1999; Schmitz & Clark, 1999; Smith 
et al., 1999). The relationship may be more complex than availability of habitat types 
however. A North American study of pheasant survival found habitat type did not affect 
survival but the configuration of habitat did affect survival for example (Schmitz & Clark, 
1999). 
Other site-specific attributes that were not measured in my study may also be responsible 
for the significant differences between sites. Haensly et al. (1985) found genetic 
manipulation did not affect survival and likewise, Sage et al. (2001) found no difference in 
survival between two pheasant strains, though I cannot exclude this as a possible source 
of between site variations in survival in my study. 
Conclusions 
The system of releasing hand-reared pheasants into large open-topped pens, employed 
in many parts of the UK is a successful method of delivering mature pheasants (with 
some level of adaptation to the wild) for shooting on professionally managed estates. 
However, the delay between releasing and shooting, necessary to deliver such birds, 
results in depleted numbers of the released birds available to shoot. Steady losses occur 
throughout this period and the extent of mortality varies greatly between release pens. 
The greatest source of non-shooting mortality is mammalian predation, primarily by foxes. 
The average on-estate shooting return from release pens in this study was 30% (36% 
considering both on-estate and off-estate returns) and this compares favourably with 
other releasing systems employed in Europe and the USA. Increasing the number of 
birds released did not bring about a proportional increase in the number of birds that were 
shot however: the proportion of birds that were shot was significantly reduced as the 
stocking density of the pen was increased. This brings about an economic incentive to 
release birds at lower stocking densities to achieve given bags over the shooting season. 
Aspects of management other than the stocking level, such as habitat management and 
predator control are also likely to influence survival and shooting returns. The 
measurements recorded during this study were not specifically designed to assess these 
factors however and correlation of site variables collected did not yield much insight into 
the effects of these other aspects of management. One relationship that was apparent 
however was the increased survival to the start of the shooting season, with delayed 
release dates, irrespective of the duration between the release date and the onset of 
shooting. This clearly suggests that an optimum releasing strategy, in terms of survival, 
would involve delaying the release of birds until late August or early September, and 
leaving an appropriate time interval for birds to mature before commencing shooting. 
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Widespread adoption of late releasing as a strategy to optimise survival presents a 
number of practical challenges however. Procuring birds for late releases could lead to a 
concentration of pheasant breeding towards the end of the natural breeding season. This 
increases both the risk of disease on game farms and the risk of failing to meet industry 
demands for pheasant poults. Indeed, it may not even be possible to meet demands with 
late-hatched birds alone even without disease related problems, as the duration and 
productivity of the breeding season is constrained by the natural ecology of pheasants. 
An alternative approach to minimise losses earlier in the season could be to hold birds in 
enclosed pens until late August or early September. Again, there are serious risks of 
elevating disease levels among the reared birds and compromising the condition and 
feathering of birds (as a consequence of both disease and intraspecific aggression). 
Although not widely documented, holding birds in covered pens is practised elsewhere in 
Europe where aerial predators such as Goshawks can be problematic but the welfare 
implications of such an approach should not be dismissed lightly. 
This "late release" strategy, where possible, does not account for patterns of movement 
from the release site however and this aspect of post-release behaviour is researched in 
the next chapter of this thesis. 
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Chapter 5: Movement from the release site 
This chapter is concerned with documenting the movements of hand-reared pheasants 
that form part of large-scale releases between June and September (the relationship 
between these movements and aspects of management will be explored in full in Chapter 
6). These movements are not well documented at present. A number of American and 
Continental studies have followed pheasants from release areas (Burger, 1964; Bray, 
1967; Hessler etal., 1970; Gindre, 1974; Haensly et al., 1985; Jarvis & Engbring, 1976; 
Brittas et al., 1992; Wilson et al., 1992) but the releasing strategies are quite different 
from the UK system (see Chapter 1, page 8). In addition, the focus of most of these 
studies was the survival of the study birds and not their movement and habitat use. Hand-
reared pheasants released in the UK have been the subject of numerous studies 
(Robertson & Whelan, 1987a; Hill & Robertson, 1988b; Robertson, 1988; Woodburn, 
1999a; Sage et al., 2001; Sage et al., 2003), but with the exception of Robertson & 
Whelan these studies did not attempt to monitor reared pheasant movements in the 
period immediately following release. Robertson & Whelan gained only limited insight into 
the movement of pheasants (released in a single study pen), as their methods relied on 
re-sightings of birds released with numbered tags. This biases the data because birds are 
only seen where an observer looks and on occasions where trapping is employed, 
observations are reliant not only on setting traps in the right locations, but upon birds 
actually entering the traps. Although radio tracking is not entirely without bias, as 
individuals moving the greatest distances have a greater chance of being lost from the 
sample than those moving smaller distances, it is the only way to acquire unbiased data 
on fate and movements within a defined area (see page 33 for more on the benefits of 
radio-tracking as a method of data collection). 
Understanding the movement of released pheasants has implications for their 
management. Clearly there is an economic incentive to minimize movement beyond the 
boundaries of the releasing estate (at which point the sporting value of the bird can no 
longer be realized) and an understanding of within estate movements is essential to 
facilitate efficient driven-game shooting (Game Conservancy, 1994). Movement and 
habitat use has also been linked to survival in a number of species (including pheasants) 
(Meyers etal., 1988; Gabbert etal., 1999; Hubbard et al., 1999), which again, has 
implications for the shoot management. 
The departure of birds from release sites and the way in which they use the available 
habitat may also be of interest to those releasing not for commercial purposes but as part 
of an ongoing conservation effort. Hand-rearing and releasing contributes to conservation 
management plans for grey partridge (Perdix perdix) (Szendrei, 1995), and many other 
Galliformes (Fuller etal., 2000) outside of the UK. The success or failure of 
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reintroductions is dependent on processes acting in the establishment phase immediately 
following release such as survival and dispersal behaviour of the released birds 
(Armstrong et al., 1999) and in many cases lessons can be learned from tried and tested 
releasing protocol used in commercial environments (Woodburn, 2002). 
Understanding the movement of released pheasants is useful for other reasons too. 
Pheasant release pens are known to have a negative impact on the species diversity of 
ground flora in ancient semi-natural woodland (Sage et al., 2005). The impact pheasant 
releasing may have on flora and fauna in the area surrounding the release pen is the 
subject of ongoing research (Sage, 2003; Hoodless & Draycott, 2005; Woodburn & Sage. 
2005). Documenting the extent to which birds use the area around the release pen may 
highlight potential conflicts between released pheasants and potentially vulnerable 
habitats and wildlife. Whilst pheasant releasing in lowland areas has increased 
dramatically in recent decades (see Chapter 1) the farmland habitat surrounding 
woodland into which they are released has also changed considerably (Jenkins, 1984; 
Potts, 1990). Consequently, the relative importance of field margins, for example, is 
thought to be much greater for wild game now than in the past (Aebischer et al., 1994). If 
high densities of released birds are found to utilise hedgerows and field margins rich in 
wildlife, there may be a need to address the impact they are having. 
The first section of this chapter provides some background on current knowledge of site 
fidelity, seasonal movements/habitat use and home ranges of pheasants. The second 
section (page 119) details relevant methods of analysis used to investigate frequency of 
dispersal from the release area, maximum distance birds move from the release area, 
displacement between fixes, direction of movement, home range size and habitat use of 
released pheasants. The third section (page 126) presents the corresponding results of 
these analyses that are discussed in the final section of the chapter commencing on page 
143. 
Background 
Site fidelity 
Pheasants are reasonably sedentary and wild birds normally remain within 5km of the 
place where they were hatched (Ridley, 1983; Andersson et al., 1987; Gatti et al., 1989). 
There are two documented periods of local movement; firstly, in autumn when they 
congregate in wintering areas and then in spring when dispersion to breeding sites 
occurs (Hill & Ridley, 1987). There is some evidence from radio-tracking studies to 
suggest that hand-reared pheasants will likewise remain within comparable distances of 
their release sites (Hessler etal., 1970; Gill, 1974; Wilson etal., 1992; Sodeikat etal., 
1995; Sage et al., 2001). However, Sage etal. (2001) monitored hens that were 
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recaptured on the study site six months after release, thus any of the population 
dispersing beyond the estate boundaries prior to the recapture date were excluded from 
the study. In addition, the release methods in Hessler et al. (1970) and Wilson et eL 
(1992) are not comparable to current methods of pheasant release in the UK (neither 
utilised a release pen and Wilson et al. translocated adult birds) so their findings may not 
be applicable. 
Where pheasants are released, it is usual for game managers to undertake management 
aimed at influencing the movement of birds, particularly with reference to site fidelity and 
management associated with pheasant releasing is detailed in full in Chapter 6 of this 
thesis (page 150). Although it is necessary to retain birds within areas that will be driven 
on shoot days, it is common practice for keepers to feed birds away from the wooded 
area of the release pen itself, encouraging them to move by day into neighbouring cover 
crops for example and return to the release pen to roost at night. The intention is to 
imprint particular patterns of movement that will be exploited on shoot days when birds 
will be driven from the fed areas, and should flush over the waiting hunters in a 
predictable manner. Such feeding regimes were present at all six study sites, though food 
was typically available in the release pen itself in addition to the provisions in the 
neighbouring game crops. 
Many species exhibit differences in natal dispersal between males and females, both in 
terms of frequency and distance of dispersal (Greenwood & Harvey, 1982). A number of 
pheasant studies have reported dispersal movements to be greater in hens than cocks 
(Blank, 1967; Bray, 1969; Gindre, 1974; Whiteside & Guthery, 1983; Hill & Ridley, 1987) 
and any such differences for released pheasants will be investigated in this study. Overall 
differences in dispersal distances between males and females could be a consequence 
of either elevated levels of movement for one sex, or unidirectional movement of birds of 
a given sex in a population where both males and females exhibit similar levels of 
movement activity. The displacement distances between observations of individual birds 
in this study, will enable this aspect of movement to be explored further as it is unclear 
whether the trajectory of a hen's movement is typically greater in length than that of a 
cock, or whether the path lengths are similar and differ only in direction. 
Seasonal movement and habitat use 
In most parts of Britain, woodlands provide the main wintering areas for pheasants; grass 
filled ditches and dykes being used instead in treeless parts of eastern England 
(Robertson et al., 1993a). Throughout the year pheasants will also use hedgerows, which 
serve as "travel lanes" and escape cover whilst feeding (Smith et al., 1999). 
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Considering hand-reared birds, following release (and on through autumn and winter) the 
basic needs of a reared bird are comparable to those of a wild pheasant. The 
fundamental requirements being a warm area providing shelter from wind and rain, a 
place in which to hide from predators (shrubby cover), suitable places to roost at night 
and a source of food (McCall, 1985). Throughout the winter, pheasants are gregarious 
though several studies have shown some level of sexual segregation with single sex 
groups being observed (Ridley, 1983; Andersson et al., 1987; Hill & Ridley, 1987). Others 
have found such behaviour less prevalent, observing mixed sex loose flocks with only 
partial sexual segregation (Gates & Hale, 1974; Robertson, 1986). It has been suggested 
that density of population and the amount and distribution of habitat may influence 
segregation, with males more abundant in hedgerows and females in woodlands, if 
available (Hill & Robertson, 1988a). 
Habitat quality can also influence dispersal of pheasants, with poorer quality habitat 
leading to increased dispersal from an area (Krauss et al., 1987). Studies of winter habitat 
selection have demonstrated that pheasants select certain woodlands preferentially (Gatti 
et al., 1989; Robertson et al., 1993a). The highest pheasant densities in Britain can be 
found in small woodlands rich in shrubby cover between 1 and 2m in height, particularly 
when this shrubby cover is on the woodland edge, where pheasants spend the majority of 
their time (Lachlan & Bray, 1976; Ridley, 1983; Hill & Robertson, 1988a; Woodburn & 
Robertson, 1990; Robertson et aL, 1993a). 
In spring, pheasants feed predominantly on shoots and seeds (Farkas, 1983) and move 
out into growing crops (Ridley, 1983; Hill & Robertson, 1988a). They are more abundant 
on fertilized arable crops than elsewhere at this time (Draycott et al., 1997). Many studies 
have examined pheasant movements in spring, at the onset of the breeding season, and 
on into summer (Andersson et al., 1987; Hill & Ridley, 1987; Wilson et aL, 1992). Males 
begin to occupy territories along woodland edges bordering open ground in late winter 
(Lachlan & Bray, 1976; Woodburn & Robertson, 1990; Grahn et al., 1993) and display to 
females. Females then select a male and in selecting a good mate select a good territory 
(Woodburn & Robertson, 2000). Territory selection by males is based on the provision of 
food and cover in an area, with the highest densities of territorial males being found along 
woodland edges rich in shrubby cover bordering arable land (Robertson et al., 1993b). 
Female pheasants disperse from the wintering areas slightly later than males (in March or 
April) either individually or as a small group, often comprising hens from the same 
wintering flock (Ridley, 1983; Hill & Robertson, 1988a). Prior to selecting a mate, the 
females will cover large areas spanning the territories of several males, settling in one 
area by mid April. If brood rearing is successful, pheasant chicks remain with the hen for 
9-12 weeks, by which time they are independent. Reared birds are typically released at 
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the younger age of 6-8 weeks (Game Conservancy, 1996) but wing-clipping limits 
movement from the release pen for a number of weeks. 
Overall direction of movement from natal areas has been examined in some bird species 
(e.g. Newton & Marquiss, 1983) with little evidence of directional bias and it seems 
reasonable to hypothesise that with hundreds of pheasants being released into a pen, 
movement away from the pen will be uniformly distributed in direction. However, there is 
some anecdotal evidence that an overall south-eastward trend in movement may occur 
as birds move toward warm sunny areas as they come off roost each morning (D.R. 
Wise, pers. comm.) and many game managers have anecdotally expressed hypotheses 
concerning non-random movement of pheasants from the release pen. The direction of 
movement from the release pen will be examined in this chapter. 
Home ranges 
The widely used definition of a home range is 'the area traversed by the individual in its 
normal activity of food gathering, mating and caring for young' (Burt, 1943). However, this 
thesis is not concerned with the period when mating and brood rearing are taking place. 
Consequently, the modified definition of home range as 'an area repeatedly traversed by 
an animal' (Kenward, 2001) is more appropriate for released pheasant poults. 
Pheasant home ranges of between 1.5 and 246ha have been reported in the literature 
(Hanson & Progulske, 1973; Gates & Hale, 1974; Whiteside & Guthery, 1983; Hallet, 
1986; Perkins et aL, 1997; Cheeseman, 1999; Smith et aL, 1999; Woodburn, 1999a; 
Sage et al., 2001). In contrast to Woodburn (1999a) and Cheeseman (1999), who found 
no difference between the home range size of wild and reared pheasants, Robertson & 
Whelan (1987a) found released hens had significantly smaller home ranges than their 
wild counterparts. In each case, the home ranges were based on locations of pheasants 
in spring and the home range of pheasants following release in late summer remains 
undocumented in the UK. 
Radio-tracking studies of wild birds in the USA have consistently reported seasonal 
changes in home range size (Hanson & Progulske, 1973; Gatti et al., 1989; Smith et al., 
1999). Smaller winter core ranges may be a product of harsh winter conditions, indeed 
Gatti et al. (1989) found the home range size of hen pheasants were negatively 
correlated to the level of snowfall. No differences in the size of male and female home 
ranges were detected by Smith et al. (1999). Availability of resources commonly 
influences the size and shape of home ranges or dispersal movements of birds (Froberg 
& Helgee, 1985; Van der Jeugd, 2001). As game managers supply necessary resources 
(food and water) and site pens in areas of appropriate pheasant habitat, the size of the 
area they utilize may be at the smaller end of the reported scale. In addition it is common 
practice to plant relatively small areas of 'game' or 'cover' crops near release pens, which 
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are designed to hold reared birds (Game Conservancy, 1994). The influence provision of 
such resources will have on habitat use and home range size will be examined in full in 
Chapter 6. 
This study 
Monitoring the movements and habitat use of pheasants following release will enhance 
the limited understanding of the fate of the birds that currently exists. This knowledge is of 
practical use to game managers for whom there is an economic incentive to make the 
most of their released stock, and to conservationists addressing potential conflicts 
between pheasant releasing and other wildlife. 
As indicated, the literature suggests that hand-reared pheasants will probably remain 
relatively close to their release site, and any movement away from the release pen will be 
greater in hens than cocks. There is also some indication that departure from the release 
area (with no return to it at a later date) will be more common among hens than cocks. All 
three hypotheses will be tested in this chapter along with the suggestion that hens move 
further in any given time period (resulting in overall elevated dispersal distances) than 
cocks. The uniformity of distribution in direction of movement from the release pen will 
also be tested. 
Wide variation in home range sizes has been reported for wild pheasants and breeding 
reared pheasant populations with seasonal dispersal movements occurring in 
October/November. It is clear that well defined, stable home ranges have been observed, 
particularly in spring for wild and reared pheasants but it is not clear that released birds 
will form any sort of stable home range in the time between release and the onset of 
shooting (which includes the observed dispersal period of October and early November). 
On the one hand, reared pheasants are provided with all the resources they need 
suggesting that minimal movement from the release area should take place. On the other 
hand, the high densities of pheasants associated with commercial releasing may 
exaggerate other factors driving dispersal such as the density of birds in a given area. 
Individual and pen home range sizes will be reported in this chapter along with an 
assessment of the stability of the ranges and changes in the size of pen home ranges 
over time. 
Methods 
Study sites and general methods for this study are described in Chapter 2. The analyses 
used to explore aspects of movements from the time of release to the start of the 
shooting season are described in the following section. All statistical analyses were 
carried out in R (R Development Core Team, 2004) unless otherwise specified. This 
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section is subdivided into explanations of the analyses used to examine frequency of 
dispersal from the release area, maximum distance birds move from the release area, 
displacement between fixes, direction of movement, home range size and habitat use of 
released pheasants. The specific effect of stocking density and other aspects of 
management are explored in Chapter 6. Stocking density was manipulated between 
years (details can be found in Chapter 2, page 39) such that each level of the factor year 
in the analyses of this chapter includes a mix of high and low releasing densities across 
the six sites. Due to the differences in the type of radio-tags used in 2001 compared to 
those used in years 2002 and 2003 (which may have led to some underestimation of the 
levels of movement in 2001) summary statistics excluding the first year data are 
presented in addition to overall summaries, where appropriate. 
Frequency of dispersal from release area 
The 339 radio-tagged pheasants that were successfully monitored from release until the 
start of the shooting season (excluding those that died or were lost during this time, see 
Chapter 4, page 76) were classified as "dispersers" or "non-dispersers" according to their 
movements from the point of release. The trajectory of movement over time was 
examined for all radio-tagged pheasants. Individuals departing from the release area and 
not returning to it were labelled as dispersers and those that did not ever leave the 
release area or left on temporary excursions only, were categorized as non-dispersers. 
The release area was defined as the release pen itself, the area immediately around the 
release pen that is managed for the pheasants and any cover crop associated with the 
release pen. Within each of the classifications (dispersers or non-dispersers), further 
subdivisions of types of movement may have been possible. This analysis however, was 
intended to distinguish between those birds that remained where the game manager 
wished them to be and those that did not, and to explain some of the reasons 
underpinning which of these two movement patterns occurs. A generalised linear model 
(GLM) with binomial errors, using the logit link function was used to determine the 
influence of site, sex and year on the proportions of pheasants making a permanent 
departure from the release pen (i.e. a backward stepwise analysis of deviance). Because 
the response variable was a proportion, it was necessary to specify a binomial distribution 
of errors within the GLM. This precludes generating a number of different error terms 
associated with levels of nesting (of sex within year within site) that would otherwise be 
necessary to avoid Type I errors associated with pseudoreplication (birds from the same 
sites are not independent of each other). Consequently, the mean proportions for sexes 
in each site/year were the appropriate unit of analysis (36 degrees of freedom in total) as 
opposed to the individual. 
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Maximum distance moved 
To examine dispersal distances and address the question of whether or not there was a 
difference in the distance moved from the release sites by cocks and hens (in addition to 
the observed difference in frequency of departure from the release area; see page 127), 
all fix to release pen distances were calculated in Mapinfo (Mapinfo Professional, 2003). 
The maximum distance moved by each radio-tagged bird that was successfully tracked 
between release and the start of the shooting season was recorded and used as the 
response in this analysis. Mean distance moved from the pen was disregarded as an 
appropriate response because means were strongly influenced by the early locations of 
birds being clustered around the release pen and were also more vulnerable to biases 
towards locating birds more readily if they remain close to the release area. Maximum 
distances moved by released birds made a better representation of movement for those 
individuals that dispersed away from the release area but were not located for some time 
as they did so (without misrepresenting birds that remained consistently close to the 
release area). The maximum distance moved also gave a useful representation of the 
overall scatter of birds from the release pen. Although occasional excursions away from 
the release area by individuals may have elevated this measure of movement, it provides 
a measure of the distance from the release pen where management of the birds should 
be considered, in terms of both shooting returns and potential conflict with other wildlife. 
Five of the 339 birds that survived to the start of the shooting season were excluded from 
the analyses as they were lost from the sample for a period and consequently the 
maximum distance from the pen was unknown during the period between release and the 
commencement of shooting. Sex is a bird-specific attribute so the individual bird was 
used as the unit for analysis. The data were log-transformed to normalize the error 
distribution and a nested analysis of variance was undertaken to examine the fixed effect 
of sex crossed with year nested within site. Interaction terms were sequentially deleted 
from the maximal model and retained only where they significantly improved the fit of the 
model (i.e. only where a significant increase in variance occurred as a consequence of 
the removal of a term). The nested model includes multiple error terms, thus considering 
the pseudoreplication when using individual birds as the unit for analysis. 
Displacement between fixes 
To further explore the differences in movement between hens and cocks, the mean 
displacement between fixes was analysed for a subset of the 339 birds that survived to 
the start of the shooting season. These 258 individuals were consistently located on each 
of the site visits and thus the trajectories mapped between successive fixes can be fairly 
compared. The number of fixes per bird ranged from 22 to 42 and was not different for 
males and females at each site (confirmed with a paired t-test of mean number of fixes for 
males and females at each of the 18 site/year combinations: see results). The time lapse 
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between fixes was 2-3 days but was identical for each sex as both males and females 
were located during each site visit. The sum of the displacement distance between 
successive locations was divided by the number of locations recorded. The mean 
displacement per fix was log-transformed to normalize the residuals and analysed with a 
nested ANOVA. As per the maximum distance moved, the mean displacement was 
modelled as a function of sex crossed with year nested within site. Model simplification 
was carried out and non-significant interaction terms were removed from the model 
according to the results of deletion tests. 
Direction of movement 
Each study area (defined using a buffered minimum convex polygon of all recorded 
locations of radio-tagged birds) was divided into sectors and a compositional analysis 
approach analysing relative use compared to availability of the sectors (Aebischer et al., 
1993a) was undertaken. This method takes into consideration the constraint of all 
proportions summing to 1, and analysing the proportion of used directions against the 
proportion available eliminated the statistical difficulties associated with circular data. The 
proportion of fixes in sectors determined the "use". Nine sectors (of width 40°) radiating 
from the centre of the release pen were generated and the proportion of fixes in each of 
the nine sectors (340 5 sector1<20°, 20 5 sector2<60°, 60 5. sector3<100°, 100 5 
sector4<140°, 140 sector5<180°, 180 5 sector6<220°, 220 5 sector7<260°, 260 5 
sector8<300°, 300 5 sector9<340°) calculated for individuals. All fixes collected after an 
individual's first departure from the release pen, but prior to the start of the shooting 
season were included and birds with less than four fixes were excluded from the analysis. 
A total of 399 birds were thus included in the analysis. The proportions were then log-ratio 
transformed (using sector 1 as the denominator in each case) generating eight variables 
measuring relative use of the nine sectors for each bird. Log-ratio transformations of zero 
values are not valid so null proportions were replaced with a value of 0.001 in order to 
preserve the very low use implied by the zero (use so low that it was not detected) in the 
analysis. 
All nine sectors were potentially available for use by individuals and the proportion of the 
study area in each sector was constant (40/360 or 0.111). These proportions were log-
ratio transformed with sector 1 as the denominator to produce eight variables measuring 
relative availability of the nine sectors for individuals. 
Differences between the log-ratios of the proportions of fixes in sectors (i.e. use of 
sectors) and the corresponding log-ratios of availability of sectors (40/360) were 
calculated for individuals. The log-ratio differences were used in a multivariate analysis of 
variance (MANOVA) to establish whether data from different sites, sexes and years could 
be pooled in a compositional analysis of the use of sectors. Mutivariate normality was 
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assessed with Chi-square plots of the residuals from the fitted MANOVA (Everitt, 2005). 
Appropriate groups were then tested for non-random use of the available sectors using 
the "adehabitat" package in R (Calenge, 2005), which follows Aebischer et al. (1993a) 
(testing the hypothesis that there is no difference between paired log-ratio use and log-
ratio availability for all sectors simultaneously). When significantly non-random use of the 
available sectors was detected (using a Wilks lambda test statistic), matrices of pairwise 
comparisons of all sectors were produced and each element of the matrix averaged over 
all individuals in a group. The "average" matrix was then used to rank the sectors from 
most to least used and a t value (measuring departure from random use) calculated to 
highlight where non-random use occurred. 
The fix to release pen angles for all locations of birds monitored from the point of release 
to the start of the shooting season, were calculated using Ranges6 software (Kenward et 
a/., 2003) and used to produce graphical summaries of the dispersal directions in the form 
of rose diagrams (produced in the statistical package GenStat (Payne & Arnold, 2003)). 
Home ranges 
Minimum convex polygons (MCP's) for individual birds, based on coordinates of fixes 
collected following the first departure from the release woodland but before the first day of 
shooting were generated in Ranges6 (Kenward et al., 2003). A number of alternative 
home range estimates were evaluated but MCP's were selected as they represent an 
estimate of the maximum area covered by individuals, and are not biased by the 
clustering of early fixes close to the release area. In addition, MCP's incorporate all fixes 
collected in the relevant time period and therefore facilitate optimal use of fix data when 
used to investigate habitat use (see page 124). Home range size was investigated for 
320 individuals with at least 15 (and up to 43) fixes using incremental plots of the range 
area, to address the question of whether or not a stable home range is achieved between 
release and the start of the shooting season. Stability in this context refers to a home 
range that does not significantly increase in size with each additional fix, as detailed in 
Kenward (2001). 
As the investigation revealed individual range estimates were not stable for the pre-shoot 
period as a whole, weekly estimates were generated for pen/year/sex groupings (the 
study did not yield enough fixes per week per bird to pursue individual estimates) for 
weeks five through to 12, when shooting commenced. Thus for each week 36 home 
range estimates were produced (one per sex per pen in each of three years). Mean 
coordinates per bird were taken from the fixes collected in any given week and these 
mean fix locations were used to generate MCP's for the appropriate groupings. Thus, 
each bird contributed one fix to the MCP. MCP's were used in the analysis as the 
locations per individual had already been averaged, thus smoothing outliers. Other 
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estimators of home range exclude outermost fixes but this is undesirable in this instance 
as this would mean excluding the contribution of entire individuals (as one average 
location per individual has contributed to the home range estimate). The stability of the 
weekly pen ranges was examined with an incremental plot of area (as mean fixes were 
added from a randomized sequence). The effect of site, sex and year on pen home range 
size was scrutinized with a linear mixed effects model using restricted maximum 
likelihood estimation (REML) in order to take the degrees of freedom associated with 
fixed effects into account. "Sex" formed the fixed component of the model with "weeks" 
grouped by "years" nested within "sites" comprising the random component. The 288 
range estimates were log-transformed to normalize the residuals. 
Habitat use 
Compositional analysis of habitat use, as described in Aebischer et al. (1993a), was 
carried out to assess the relative importance of "edge" features (such as woodland edges, 
or field margins and hedgerows) in comparison to areas of "non-edge" (woodland interiors 
and open areas such as arable crops and grassland). The edge habitats were subdivided 
into three categories; game cover crops, woodland edges and field margins (including 
hedgerows). These groupings permitted comparisons of semi-natural, permanent 
landscape features with intrinsic conservation value (woodland edges and field margins), 
with structurally similar but homogenous, ephemeral, areas of cover crops of minimal 
intrinsic conservation value. Game cover crops are planted specifically to hold released 
pheasants and are commonly sited along wood edges (Game Conservancy, 1994) and 
their use relative to structurally comparable existing habitats has not been explored to 
date. 
The proportion of wood edge habitat was estimated from the digitised study site maps 
produced in Mapinfo (Mapinfo, 2003) by defining a three-metre buffer on either side of 
woodland/field boundaries. Cover crop areas were mapped on site using a hand-held 
GPS (global positioning system) data logger and added to the digitised study site maps. 
The third category of interest comprises the field margins and hedgerows and these were 
also estimated from the digitised maps and included mapped hedgerows (standardised at 
2m width) and a 2m buffer zone either side of field boundaries. Additional weedy margins 
outside of these field boundaries were added to the maps during the ground-truthing that 
took place whilst fieldwork was being undertaken, and were included in the field edge 
margin estimates. Non-edge habitats were defined as the sum of all open areas and 
woodland interiors. Analysis was undertaken at two levels, firstly the use of habitat based 
on radio-tag locations or fixes was compared to the availability within home ranges and 
secondly the habitat composition of the home ranges was compared to the composition of 
the study area as a whole. 
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For the first level of analysis, use of the four habitats (woodland edge, game cover, field 
boundaries and non-edge) was defined for individuals as the proportion of radio-locations 
collected up to the date of the first shoot day, in each of the categories. The assumption 
of compositional analysis is that if there is no effect of habitat, fixes will be distributed 
across habitat categories in similar proportions to the availability of categories. It follows 
that all areas included in the definition of available habitat must actually be available to 
individuals so that any detection of non-random use can be attributed to selection by 
birds rather than restricted access to any habitat. Therefore, radio-locations collected 
prior to an individual's first use of a non-woodland habitat were excluded in order to 
discount locations that may have been restricted by the releasing process (i.e. the 
confines of the pen and wing-clipping). It is not clear that these locations would reflect any 
habitat selection or choice but would generate a spurious non-random use of habitat 
(overestimating the "selection" of the release area) if included in the compositional 
analysis. Individuals with less than four fixes outside of the release woodland were 
excluded from the analysis. A small number of individuals with home ranges that did not 
cover all four habitat categories (i.e. those with null proportions for availability in one or 
more of the four categories) were also excluded as such birds contributed no information 
on the use of at least one habitat. 
At this first level of analysis, habitat availability was defined for individuals as the 
proportion of each habitat category in a minimum convex polygon (MCP) produced from 
the fixes described above. A number of home range estimates were evaluated (Kenward 
et aL, 2003) but MCP's were selected as they incorporate all of the fix data thus enabling 
the use versus availability comparison to include the maximum fix data. MCP's have also 
been a standard in many previous studies (Robertson & Whelan, 1987a; Gatti et al., 
1989; Woodburn, 1999a; Sage et aL, 2001). Although home ranges for individuals were 
not necessarily stable in size (see Figure 5.8, page 136), this was a product of increasing 
home range size over time, and not because sampling methods did not capture full home 
ranges with less than 30 fixes. Consequently, all home ranges for individuals with more 
than four fixes outside of the release woodland were included in the analysis. 
Differences in log-ratio transformed proportions of used and available habitats were 
analysed using multivariate analysis of variance to determine which groups (sites, years 
and sexes) could be pooled. Multivariate normality was assessed with Chi-square plots of 
the residuals from the fitted MANOVA (Everitt, 2005). Appropriate groups were then 
tested for non-random use of the available categories using the "adehabitat" package in 
R (Calenge, 2005), which follows Aebischer et al. (1993a), testing the hypothesis that 
there is no difference between paired log-ratio use and log-ratio availability for all 
categories simultaneously. When significantly non-random use of the available categories 
was detected, (using a Wilks lambda test statistic) matrices of pairwise comparisons of all 
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habitats were produced and each element of the matrix averaged over all individuals in a 
group. The "average" matrix was then used to rank the sectors from most to least used 
and a t value (measuring departure from random use) calculated to highlight where non-
random use occurred. Wilks lambda was the preferred test statistic for non-random use 
as 1-A gives the proportion of generalized variance in the log-ratio differences explained 
by the model and Wilks lambda has been a standard in many published studies of habitat 
use (Tella etal., 1996; Revilla etal., 2000; Morrison & Humphrey, 2001; Lyons etal., 
2003). 
This process was repeated for the second level of analysis, where habitat use was then 
defined by the composition of habitats in the home ranges described above and was 
compared to the availability of the study area as a whole, which was defined using a 
buffered minimum convex polygon of all recorded locations in the relevant time frame. A 
buffer of 165m (the median move length of radio-tagged birds in the defined time frame) 
was added, to incorporate areas neighbouring recorded locations that were potentially 
available for selection. 
In addition, the hypotheses that habitat use may differ between groups of birds classified 
as dispersers and non-dispersers or those surviving to the start of the shooting season 
and those that did not were also tested. An overall proportion of habitat use and 
availability for each site was calculated for dispersers and non-dispersers (as defined on 
page 120) in order to avoid the pseudoreplication of incorporating all individuals because 
birds from the same release site are not independent of each other. Differences in log-
ratio transformed proportions of used and available habitats (first comparing fixes to 
home ranges and secondly comparing home ranges to study areas) were analysed using 
multivariate analysis of variance to test the effect of being a dispersing or non-dispersing 
bird. This approach was replicated to test the second hypothesis; that habitat use was 
different for birds surviving to the start of the shooting season and those that died before 
shooting commenced. 
Results 
Results for frequency of dispersal from the release area (Figure 5.1), maximum distance 
birds move from the release area (Figure 5.2), displacement between fixes (Figure 5.3), 
direction of movement (Tables 5.1 and 5.2, Figures 5.4 to 5.7), home range size (Figures 
5.8 to 5.10) and habitat use of released pheasants (Tables 5.3 to 5.6) are presented in 
the following section. Maps of the general habitat in the study areas and the distribution 
of habitat managed for pheasants are illustrated in Figures 2.2a to 2.7b (pages 20 to 31). 
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Mean proportion of male and female dispersers from the release area 
O 
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Male 	 Female 
Gender 
Frequency of dispersal from release area 
The proportion of radio-tracked pheasants leaving and not returning to the release area in 
the pre-shoot period, ranged from 0.12 (n = 26) to 0.75 (n = 12) across the six sites and 
three years with an overall mean of 0.401 ± 0.052 (95% CI, n = 339). Excluding the data 
from 2001 (differences in radio-tags may have lead to an underestimate in the proportion 
of tagged birds permanently dispersing from the released area) gave rise to a slightly 
higher mean of 0.444 ± 0.065. A GLM with binomial errors incorporating all data indicated 
that Site (X25, 27 = 45.9, P < 0.001), Sex (X21, 27 = 25.4, P < 0.001) and Year (X22, 27 = 8.4, P 
= 0.015) all had a significant effect on the proportion of birds dispersing (none of the 
potential two or three way interactions were significant). 0.524 ± 0.076 (95% CI, n = 166) 
of the females left the releasing area in contrast to just 0.283 ± 0.067 (95% CI, n = 173) of 
the males. Figure 5.1 below illustrates the difference between the proportion of male and 
female dispersers from the release areas. Both the mean proportions of male and female 
tagged birds dispersing from the release area were increased when considering only the 
2002 and 2003 data, but the difference between the two groups remained evident (0.583 
± 0.093 [95% CI, n = 108] females left the releasing area in contrast to just 0.313 ± 0.084 
[95% CI, n = 115] males). 
Figure 5.1: Differences in the frequency of dispersal between male and female 
pheasants released on six sites over three years. Error bars represent the mean ± 95% 
CI (n = 173 males and 166 females). 
Maximum distance moved 
The maximum distance tagged pheasants were located from the release pen (prior to the 
start of the shooting season) ranged from just 32 to 4685m across individuals. On 
average, the furthest distance individuals had moved away from the release pen was just 
under 1km: mean value of 913m ± 82m (95% CI, n = 334). Figure 5.2 illustrates the 
maximum distance from release pen across sites for males and females. The mean value 
of the maximum distance moved by females at all sites in all years was 1053m ±136m 
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(95% CI, n = 161) and the comparable figure for males was 783m ± 91m (95% CI, n = 
173). Non-significant interaction terms were deleted from a nested ANOVA (site/year*sex) 
of the logged data, and the significance of the gender difference was confirmed (F1,315= 
7.97, P = 0.005). 
Comparing the mean maximum-distance-moved per site per year, the mean value of 
maximum distance moved by dispersers not returning to the release area was 1369m ± 
153m, significantly greater than the mean for non-dispersing individuals; 608m ± 61m 
(paired t = 6.55, P < 0.001). 
Figure 5.2: Maximum recorded distance from the release pen, prior to the first day of 
shooting (15r739 at each site for each sex). Bottom and top of the boxes represent the 
25 and 75 percentiles respectively, medians shown as horizontal bars and error bars 
represent 1.5 x the interquartile range. Dots represent outliers. 
Excluding 2001 data gave rise to an overall mean maximum distance moved of 1112m ± 
110m (95% CI, n = 222) or 1317m ± 178m (95% CI, n = 107) for hens only and 922m ± 
122m (95% CI, n = 115) for cocks only in 2002 and 2003. 
Displacement between fixes 
The mean of the differences in number of fixes for hens and cocks for each of the 
site/year combinations was not significantly different from 0 (paired t17 = 1.45, P = 0.17) 
The mean displacement between fixes collected at 2-3 day intervals was 178m ± 10m 
(95% CI, n = 258). Figure 5.3 overleaf illustrates the displacement in metres for hens and 
cocks at each of the 6 study sites. The mean displacement for females was 189m ± 17m 
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(95% CI, n = 117) and 168m ± 12m (95% CI, n = 141) for the males. An ANOVA of year 
nested within site crossed with sex established that there was no significant interaction 
between site, sex and year (F12, 222 = 1.12, P = 0.343) or site and sex (F5, 234 = 0.91, P = 
0.480) and genders were not significantly different (F1, 239 = 2.09, P = 0.150). 
Figure 5.3: Displacement between fixes for 258 birds consistently located between 
release and the start of the shooting season (12t-K31 at each site for each sex). Bottom 
and top of the boxes represent the 25 and 75 percentiles respectively, medians shown as 
horizontal bars and error bars represent 1.5 x the interquartile range. Dots represent 
outliers. 
Direction of movement 
Figures 5.4 to 5.7 illustrate the trends in direction of movement; radii length in each 
diagram is proportional to the number of observations in that direction. Each segment is 
40° wide and 0° equates to due north. Analysis of the data represented in these figures is 
summarised in Tables 5.1 and 5.2 (pages 134 and 135 respectively). In the MANOVA of 
399 birds' use of directional sectors testing the effects of site, sex, year and all two and 
three-way interactions, sex did not explain a significant amount of the variation and was 
dropped from the model (see Table 5.1). The interaction term between site and year was 
significant so the data were separated into site groups and again into year groups 
wherever year was significant in the MANOVA of site grouped data. A summary of 
compositional analysis of nine sectors at six sites over three years (with grouping 
determined by the MANOVA results) is presented in Table 5.2. Non-random use of the 
available sectors (indicated by a significant Wilks A value) was observed at all six sites 
but the trend in direction was not consistent between sites and was different between 
years at Site 4. General interpretations of the modal direction(s) of movement are listed in 
column seven of Table 5.2 (page 135). 
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(a)  
(b)  
(c)  
Figure 5.4: Summary of the proportion of fixes in each sector (a) Site 1 (n = 54), (b) Site 
2 (n = 59) and (c) Site 6 (n = 65). Radii length is proportional to the number of 
observations in that direction. 0° = North and segments are 40° wide. 
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(a)  
(b)  
(c)  
Figure 5.5: Summary of the proportion of fixes in each sector for Site 3 in (a) 2001 (n = 
29), (b) 2002 (n = 27) and (c) 2003 (n = 28). Radii length is proportional to the number of 
observations in that direction. 0° = North and segments are 40° wide. 
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(a)  
(b)  
(c)  
Figure 5.6: Summary of the proportion of fixes in each sector for Site 4 in (a) 2001 (n = 
21), (b) 2002 (n = 15) and (c) 2003 (n = 23). Radii length is proportional to the number of 
observations in that direction. 0° = North and segments are 40° wide. 
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(a)  
(b)  
(c)  
Figure 5.7: Summary of the proportion of fixes in each sector for Site 5 in (a) Year 1 (n = 
22), (b) Year 2 (n = 27) and (c) Year 3 (n = 28). Radii length is proportional to the number 
of observations in that direction. 0° = North and segments are 40° wide. 
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Site n 
MANOVA 
explanatory 
variables 
Term 
df, 
residual 
df 
A F P 
All 399 
site*sex*year site:sex:year 10, 362 0.81 0.93 0.65 
site+sex+year+site 
:sex+site:year+sex 
:year 
sex:year 2, 372 0.96 0.95 0.51 
site+sex+year+site 
:sex+site:year site:sex 5, 374 0.86 1.37 0.06 
site+sex+year+ 
site:year sex 1, 379 0.97 1.24 0.27 
site+year+ 
site:year site:year 10, 380 0.69 1.80 <0.001 
1 54 year year 2, 51 0.72 0.99 0.47 
2 59 year year 2, 56 0.66 1.44 0.14 
3 84 year year 2, 81 0.55 3.18 <0.001 
4 59 year year 2, 56 0.60 1.80 0.04 
5 77 year year 2, 74 0.65 2.00 0.02 
6 65 year year 2, 62 0.65 1.68 0.06 
Table 5.1: Summary of MANOVA with mode simplification (rows 1 to 5) as non- 
significant terms were deleted, for all 399 birds. Then site groupings (rows 6 to 11) used 
to determine appropriate groupings (non-significant terms permitted pooling of years) for 
comparison of direction of movement. 
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Site Year n Wilks A P Sector ranking Trend 
1 All 54 0.610 <0.001 (9,8,7)>(1,6)>(3,2,5,4) W 
2 All 59 0.403 < 0.001 5>(4,3,1)>(2, 9, 8)>7>6 SE 
3 2001 29 0.033 < 0.001 3>4>(2, 7, 6,5)>8>9>1 E 
3 2002 27 0.264 < 0.001 (2,3)>(6,9,4,7,5)>8>1 NE 
3 2003 28 0.290 < 0.001 3>(7,4,6)>(2,5J>(8,9)>1 SW 
4 2001 21 0.424 0.021 4>(2,5,3,6)>(9)>(1,7,8) Avoid  
4 2002 15 0.199 0.002 1 >(5, 4,2)>(9,8,7,3,6) N 
4 2003 23 0.211 < 0.001 4>5>(2,9)>(3,6,7)>(1,8) SE 
5 2001 22 0.104 < 0.001 9> 1>7>(2,8,3,6)>(5,4) NW 
5 2002 27 0.205 < 0.001 9>1>(8,7,5,6)>2>(3,4) NW 
5 2003 28 0.102 < 0.001 (1 ,9)>8>(5,6, 7,3)>2>4 NNW 
6 All 65 0.423 <0.001 (5,6)>(8,7)>2>(9,4,1)>3 S 
Table 5.2: Summary of compositional analysis of nine sectors at six sites over three 
years. Non-random use is indicated by a significant Wilks A value. Habitat ranking is 
based on mean pairwise comparisons of the nine sectors (see Figures 5.3 to 5.6). 
Highest to lowest ranking are shown from left to right. Categories enclosed by 
parentheses are not significantly different from each other and categories in italics (not 
bold) are not significantly different from the group immediately to the left and/or right. 
General interpretations of the modal direction(s) of movement are listed in column seven. 
135 
Home ranges - individuals 
Individual minimum convex polygon (MCP) home range estimates (for birds with more 
than 14 fixes collected between release and the start of the shooting season) varied in 
size from 1 to 954ha with an overall mean of 52ha ± 10ha (95% CI, n = 320). The female 
mean was 66ha ± 18ha (95% CI, n = 155) and male mean 40ha ± 9ha (95% CI, n = 165). 
Only 51% of all tagged pheasants exhibited stable home ranges however (in terms of 
size) prior to the first day of shooting, and this stability was observed after between 15 
and 37 fixes were collected. Figure 5.8 below plots incremental increase in area (per bird) 
as fixes are added for birds classified as dispersers and non-dispersers. 
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Figure 5.8: Mean percentage of final MCP area as fixes are added (and range from 
minimum to maximum, shown by vertical lines) for all birds monitored between departure 
from the release pen and the start of the shooting season with 15-43 fixes. (a) Those 
birds classified as dispersers and (b) non-dispersers. 
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Home ranges - pens 
The MCP estimates of pen home range per week varied between 0.1 and 892ha with an 
overall mean of 70ha ± 19ha (or 91ha ± 26ha when excluding the data from 2001, when 
inferior radio-tags were used). Up to 17 individuals contributed a mean location to each 
pen home range and the incremental plot of area shown in Figure 5.9 as successive 
mean fixes were incorporated in a random order, stabilized with the addition of around 13 
fixes. Any range estimates based on less than 10 mean fixes were excluded from the 
analysis of range size in relation to site, sex and year. 
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Figure 5.9: Mean percentage of final MCP area with the addition of each mean fix (and 
range shown by vertical lines) for all male and female pen home ranges per week (weeks 
5-12) in 2001, 2002 and 2003. 
Figure 5.10 overleaf illustrates the pen home ranges over time for both males and 
females up to 12 weeks after release (at this point in time, shooting commenced on some 
of the estates). Disregarding ranges created with less than 10 mean fixes, the overall 
mean for males only was 45ha ± 14ha and 97ha ± 35ha for females (exclusion of the 
2001 data increases these estimates to 58ha ± 20ha and 123ha ± 46ha for cocks and 
hens respectively). The mixed effect model testing the fixed effect of sex on the log-
transformed size of the pen home ranges from all three years confirmed the significance 
of the effect of sex (t194 = 3.00, P < 0.01). 
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Figure 5.10: Pen home range size (ha), up to 12 weeks after release (the point at which 
shooting commenced at some sites) for hens and cocks at all 6 study sites over three 
years. 10r-/17 in each site year combination. 
Habitat use 
The minimum convex polygon estimations of home range consisted largely of open areas 
and woodland interiors (90%) with much smaller areas of field margins, woodland edges 
and cover crops (6%, 2% and 2% respectively). The corresponding figures for the study 
areas as a whole are 2% field margins, 1% woodland edges and 2% cover crops and 
95% open areas and woodland interiors. Only 53 % of all fix locations occurred in open 
areas and woodland interiors, the remaining fixes occurring in field margins (11%), 
woodland edges (4%) and cover crops (23%). 
It was necessary to test for differences in habitat use by site, year and sex groupings to 
determine whether or not the data could be pooled before compositional analysis was 
used to detect non-random use and explain habitat used more frequently than they were 
proportionally available (for both fixes compared to home ranges and home ranges 
compared to study areas). Considering fixes versus home ranges, non-significant 
interaction terms (site:sex; Wilks A = 0.94, P = 0.28 and year:sex; Wilks A = 0.98, P = 
0.61) were sequentially deleted from a MANOVA of the log-ratio differences for all 305 
individuals, testing the effect of site, sex, year and all two-way interactions on habitat use. 
The site:year interaction was significant however (Wilks A = 0.80, P < 0.001). 
Consequently, the data was split into site groups and each site group was subjected to a 
second MANOVA testing the significance of sex, year and the interaction between them. 
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The lambda values and corresponding approximate F statistics and P values are 
tabulated in Table 5.3 below. 
MANOVA of the ranges versus study area data lead to the sequential removal of the 
following non-significant interaction terms from the model testing effects of site, sex and 
year and all the two-way interactions upon habitat use: sex:year (Wilks A = 0.98, P = 
0.33). sex:site (Wilks A = 0.97, P = 0.84) and the main effect sex (Wilks A= 0.98, P = 
0.20). As for the previous analysis, the site:year interaction was significant however 
(Wilks A = 0.76, P < 0.001). Consequently, the data was split into site groups and each 
site group was subjected to a second MANOVA testing the significance of year. The 
lambda values and corresponding approximate F statistics and P values are tabulated in 
Table 5.4 overleaf. 
Site n 
MANOVA 
explanatory 
variables 
Term 
df, 
residual 
df 
A F P 
1 40 
year+sex+sex:year sex:year 2, 34 0.76 1.56 0.17 
year+sex sex 1, 36 0.97 0.29 0.83 
year year 2, 37 0.67 2.54 0.03 
2 58 
year+sex+sex:year sex:year 2, 52 0.94 0.52 0.79 
year+sex sex 1, 54 0.86 2.81 0.05 
year+sex year 2, 54 0.71 3.24 0.01 
3 79 
year+sex+sex:year sex:year 2, 73 0.92 1.03 0.41 
year+sex sex 1, 75 0.96 0.60 0.62 
year year 2, 76 0.69 5.05 <0.001 
4 39 
year+sex+sex:year sex:year 2, 33 0.78 1.40 0.23 
year+sex sex 1, 35 0.89 1.34 0.28 
year year 2, 36 0.78 1.47 0.20 
5 20 year+sex+sex:year sex:year 2, 15 0.45 5.31 0.01 
6 69 year+sex+sex:year sex:year 2, 63 0.80 2.37 0.03 
Table 5.3: Summary of MANOVA of habitat use (fixes against home ranges) for each site 
in turn, giving test statistics and probability values associated with each explanatory term 
of the model. Model simplification for Sites 1 to 4 is illustrated by multiple rows within the 
site grouping of column 1.The significant interaction term sex:year in the model for sites 5 
and 6 precluded further simplifications. n is the number of individual pheasants included 
in each MANOVA. 
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None of the terms (sex, year or the interaction between them) were significant for Site 4 
so all three years and both sexes were pooled when examining the habitat use (see 
Table 5.5 overleaf). Sex did not contribute significantly in the MANOVA for Sites 1 and 3 
but year was significant in both instances so both sites were split into year groupings. 
MANOVA for the remaining three sites included significant terms for both sex and year (or 
the interaction between them) and they were consequently grouped by year and sex 
when examining the habitat use. 
Site n 
MANOVA 
explanatory 
variables 
Term 
df, 
residual 
df 
A F P 
1 40 year year 2, 37 0.83 1.17 0.33 
2 58 year year 2, 55 0.82 1.85 0.10 
3 79 year year 2, 76 0.81 2.71 0.02 
4 39 year year 2, 36 0.59 3.45 <0.01 
5 20 year year 2, 17 0.26 4.78 <0.01 
6 69 year year 2, 66 0.76 3.08 <0.01 
Table 5.4: Summary of MANOVA of habitat use (home ranges against study areas) for 
each site in turn, giving test statistics and probability values associated with each 
explanatory term of the model. n is the number of individual pheasants included in each 
MANOVA. 
Year did not significantly contribute to the model for either Site 1 or Site 2 and 
consequently the data was pooled across years for these two sites when examining the 
habitat use (see Table 5.6, page 142). 
Table 5.5 overleaf summarises the compositional analysis of habitat use for the 305 birds 
when considering fixes compared to the availability in home ranges. Only one tagged 
individual met the selection criteria (i.e. had four or more fixes one of which was outside 
the release wood) at Site 5 in 2001 thus it was inappropriate to test for non-random use of 
habitat. Non-random habitat use was detected in all the remaining groups with the 
exception of the birds at Site 5 in 2002. Although the ranking of habitats differed across 
groups, cover crops were used significantly more than other habitat types in most cases, 
and wood edges and field margins typically used more than open areas. 
Table 5.6 summarises the second level of compositional analysis, comparing the 
proportions of habitats in the home ranges to those found in the study area as a whole. 
The pattern of habitat use was quite consistent with wood edges ranked significantly 
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above field margins, which ranked significantly above cover crops, which ranked 
significantly above open areas. 
Site Year n Sex A, 3 df P Habitat ranking 
1 
2001 13 M & F 0.199 < 0.001 c>m>o,w 
2002 8 M& F 0.087 < 0.001 m>c, w>o 
2003 19 M & F 0.062 < 0.001 c>m,w>o 
2 
2001 10 M 0.197 0.001 c>w,o,m 
2001 6 F 0.044 < 0.001 c>m,w,o 
2002 11 M 0.124 < 0.001 c>m,w,o 
2002 12 F 0.117 < 0.001 c>o,m,w 
2003 9 M 0.062 < 0.001 c>w,m>o 
2003 10 F 0.016 < 0.001 c>w,m,o 
3 
2001 25 M & F 0.052 < 0.001 c>w>m>o 
2002 26 M & F 0.126 < 0.001 w,c>m>o 
2003 28 M & F 0.062 < 0.001 c>w>m>o 
4 1, 2& 3 39 M& F 0.555 < 0.001 c>w,m,o 
5 
2001 1 M & F No data available 
2002 2 M 2.77e-2 1.0 NA 
2002 3 F 0.215 0.203 NA 
2003 8 M 0.183 0.003 m>w,c>o 
2003 6 F 0.029 < 0.001 c>m,w>o 
6 
2001 11 M 0.144 < 0.001 c>m>o>w 
2001 11 F 0.217 < 0.001 c,m,o>w 
2002 10 M 0.126 < 0.001 c>o,m,w 
2002 12 F 0.062 < 0.001 c>w>m>o 
2003 12 M 0.140 < 0.001 c>m,w,o 
2003 13 F 0.059 < 0.001 c>m>w,o 
Table 5.5: Summary of compositional ana ysis of four habitat categories at six sites over 
three years, for fixes compared to home ranges. Non-random use is indicated by a 
significant Wilks A value. Habitat ranking is based on mean pairwise comparisons of the 
four categories c = cover crops, m = field margins, w = woodland edges and o = open 
areas and woodland interiors (highest to lowest ranking from left to right). Categories 
separated by commas are not significantly different from each other and categories in 
non-bold italics are not significantly different from the group immediately to the left and/or 
right. 
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Site Year n Sex A, 3 df P Habitat ranking 
1 All 40 M & F 0.06 <0.001 w>m>c>o 
2 All 58 M & F 0.07 <0.001 w>m>c>o 
3 
2001 25 M & F 0.02 <0.001 w>m>c>o 
2002 26 M & F 0.08 <0.001 w>m>c>o 
2003 28 M & F 0.04 <0.001 w>m>c>o 
4 
2001 4 M & F 0.02 0.001 w>m,c>o 
2002 15 M & F 0.06 <0.001 w>m>c,o 
2003 20 M & F 0.01 <0.001 w>m>c>o 
5 
2001 M & F No data available 
2002 5 M& F 0.001 <0.001 w>m>o,c 
2003 14 M & F 0.01 <0.001 w>m>c,o 
6 
2001 22 M & F 0.02 <0.001 w>m>c>o 
2002 22 M & F 0.05 <0.001 w>m>c>o 
2003 25 M & F 0.02 <0.001 w>m>c>o 
Table 5.6: Summary of compositional ana ysis of four habitat categories at six sites over 
three years, for ranges compared to study areas. Non-random use is indicated by a 
significant Wilks A value. Habitat ranking is based on mean pairwise comparisons of the 
four categories c = cover crops, m = field margins, w = woodland edges and o = open 
areas and woodland interiors (highest to lowest ranking from left to right). Categories 
separated by commas are not significantly different from each other and categories in 
non-bold italics are not significantly different from the group immediately to the left and/or 
right. 
Habitat use did not differ amongst birds that dispersed away from the release site, or 
birds that did not permanently leave the release area when considering either use defined 
as fix locations (Wilks A = 0.81, P = 0.62) or use defined as home ranges (Wilks A= 0.89, 
P = 0.80). Similarly, no significant differences between habitat use of birds surviving to 
the start of the shooting season and birds dying prior to the onset of shooting were 
detected when considering either use defined as fix locations (Wilks A = 0.86, P = 0.72) 
or use defined as home ranges (Wilks A = 0.87, P = 0.76). 
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Discussion 
The following section discusses the results presented covering site fidelity, maximum 
distance moved and displacement between fixes, direction of movement, size of home 
range and then habitat use. The section and chapter closes with a brief summary of the 
conclusions of pheasant movements from the release pen. The role of management in 
connection with these measures of movement form the basis of the next Chapter of this 
thesis (page 150). 
Site fidelity 
Less than half of the tagged birds in this study permanently left the release area in the 
pre-shoot period and it is not surprising that many individuals would remain where 
resources are plentiful (in the form of food supplies and appropriate cover). The question 
of real interest is why, on average, 40% of the released birds do leave the release area? 
In mammals, an innate tendency to disperse in some individuals and not others has been 
demonstrated (Howard, 1960). Hadany et al. (2004) suggest that although the 
mechanisms motivating an animal to leave its group are not always clear, the dispersing 
individuals rarely constitute a random sample from the group. In many situations 
competition plays an important role in determining whether an individual will disperse or 
stay within its natal area and less successful individuals are more likely to disperse than 
dominant ones and also disperse further (Alonso et al., 1998; Altwegg et al., 2000; 
Serrano et al., 2001; Forero et al., 2002). This type of fitness-associated dispersal may be 
a consequence of inability to find a mate or territory, though neither of these issues is 
relevant to this study, which took place outside of the breeding season. In mammals, 
active interference by dominant individuals has also been cited as a mechanism for 
fitness-associated dispersal (Christian, 1970) and I observed male-male released 
pheasant conflicts throughout the study period. The consequence of dominant individuals 
remaining in one area to breed is that there is a decreased probability of advantageous 
combinations of alleles being destroyed during recombination (discussed in full in Hadany 
et al., 2004). 
In contrast, Greenwood et al., (1979) suggested that dispersers are not always inferior 
individuals and found population density influenced the frequency of dispersal in great tits 
(Parus major). The pheasants in my study were released at consistently high densities 
(the actual number released was manipulated experimentally between years and the role 
of this and other management practices will be explored in full in Chapter 6). Though this 
may have affected the number of birds leaving the release site, pheasant releasing was 
taking place in up to 26 other release pens on the study sites and consequently high 
densities of released pheasants occurred relatively uniformly away from release areas. 
Furthermore, tagged birds leaving the release pen area were commonly found close to 
other release pens. Without monitoring birds from all release pens on an estate, I was 
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unable to pursue the idea that individuals leaving the release area dispersed until they 
found an uncontested area, as detailed by Waser (1985). 
It was clear that hen pheasants permanently left the release area more frequently than 
cocks (almost twice as often). Female biased natal dispersal (both in terms of distance 
moved and frequency) is not uncommon in monogamous bird species and may be a 
product of a mating system based on resource defence (Greenwood, 1980; Greenwood, 
1984). There is a need for males to establish territory (defend resources) and settle in 
familiar surroundings that does not exist for females, generating male biased philopatry. 
Pheasants however, use an uncommon mating system known as territorial harem 
defence polygyny (Goransson, 1980; Ridley, 1983) (see Chapter 1, page 3). Intrasexual 
competition in polygynous species is usually greater for males than females forcing a high 
proportion of males to leave the natal area to seek mating opportunities. Since a male 
pheasant cannot acquire a harem without first holding a territory, we might expect male 
biased philopatry nonetheless. In a natural system, it has been suggested that 
polygynous bird species will exhibit no sexual bias in dispersal because offspring of either 
sex pose equal competition to parental birds and are therefore equally unwelcome in the 
natal area (Liberg & Von Schantz, 1985). The absence or very low densities of parental or 
adult birds at the release sites in this study voids this school of thought in this instance. 
The provision of resources in the form of food and cover are not found exclusively in 
release areas and game managers may intend to encourage movement from the release 
area in order to best "show" the birds on shoot days. The role of game management will 
be explored further in Chapter 6. From the management perspective, departure from the 
release area is certainly not a problem if dispersal distances are small and birds remain 
within areas that are driven for shooting and the distance of dispersal is discussed in the 
following section. 
Maximum distance moved and displacement between fixes 
In addition to the higher frequency of departure from the release pen observed for hen 
pheasants in the pre-shoot period, hens were also located further from the release pen. 
This difference between male and female dispersal distances has been observed 
elsewhere in pheasant populations (Blank, 1967; Bray, 1969; Gindre, 1974; Whiteside & 
Guthery, 1983) though some have failed to detect any sex related differences in 
movement (Robertson & Whelan, 1987a; Smith et al., 1999). A female bias in natal 
dispersal distance has been reported in many species of bird (Greenwood & Harvey, 
1982; Newton & Marquiss, 1983; Verhulst et al., 1997; Caizergues & Ellison, 2002). If 
males are philopatric, as seems to be the case with released pheasants, females may 
disperse further to avoid inbreeding (Greenwood et al., 1979). The gender difference in 
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overall movement away from the release pen observed in my study could not be 
attributed to elevated levels of movements in hen birds as although the displacement 
between fixes was greater for hens than cock birds, the difference was not significant. 
Instead, the hens were simply moving consistently away from the release pen in contrast 
to the traversing of the release area exhibited by cock birds. 
In the wild, pheasant chicks remain with the hen for 9-12 weeks, by which time they are 
independent, and the releasing process parallels this time frame. Wing-clipped poults 
released at 6-8 weeks of age typically leave the release pen three to four weeks later 
(see Chapter 6 for details on time to exit release pen in this study). Wild hen pheasants 
studied from September through to April in the USA moved the greatest distances in 
October and November and juvenile hens moved further at this time than adults (Gatti et 
al., 1989. The findings of Gatti et a/. concurred with those of Hill and Ridley (1987) who 
reported that females in their first breeding year dispersed further than adult females. In 
addition, Hill and Ridley found females dispersed further than males. The rate of 
movement throughout the year then varies greatly between individuals. Daily moves 
between 25 and 1000m or up to 4000m over ten-day periods have been observed (Gatti 
et al., 1989; Perkins et al., 1997). 93% of the moves in Gatti et al. were less than 805m in 
length and mean move lengths in both these studies were less than 300m. These results 
are similar to those found in this study; the median displacement between fixes in a 2-3 
day period did not exceed 300m in any given site/year and only occasional outliers 
exceeded 500m. 
Although on average the birds did not move further than 1km from the release pen a 
proportion of individuals were located up to almost 5km from the pen prior to the first 
shoot day. On large estates where much of the land is driven for shooting, these levels of 
movement are probably of little concern. However, smaller shoots with release pens 
situated closer to boundaries and fewer options when it comes to selecting drives on 
shoot days may find movements away from the release area have a significant impact on 
their return rates. The extent to which the observed movements can be mitigated by 
management will be explored in Chapter 6. The extent to which movement will influence 
the return rate is difficult to quantify in this study as the number of immigrants to the 
release area was quantified only at one site in one year (the number of shot birds from 
the release pen and from elsewhere were recorded when the release area was driven). In 
that instance just 28% of the 444 birds shot in the release area originated in the study 
pen, the remainder coming from release pens elsewhere on the estate and neighbouring 
estates. 
The frequency and distance of dispersal demonstrates that movement from release areas 
occurs before any shooting commences, thus accounting for a proportion of birds that do 
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not contribute to the shooting bag. It would be reasonable to assume that locating a pen 
in the middle of a shoot area may be one strategy to minimise loss of birds, however this 
may be unnecessary if movement in all directions from a release pen is not uniform. The 
direction of dispersal is discussed in the following section. 
Direction of movement 
Releasing large numbers of individuals at any one time is a management practice unique 
to the shooting industry. Other releases of hand-reared birds, commonly for conservation 
purposes, typically involve much smaller numbers (Castro et al., 1994). Irrespective of the 
distance moved from the release pen, a random diffusion in all directions from the high 
concentrations of birds within the release pen might be anticipated. Other studies 
investigating natal dispersal have reported randomly distributed direction of movements 
(Newton & Marquiss, 1983). The orientations of fixes in relation to the release pen were, 
however, non-random for all site/year combinations though the direction of movement 
was not consistent across sites and in one instance (Site 4), across years within a site. 
This suggests that site-specific variables such as habitat distribution may be influencing 
the direction of movement from the pen as opposed to any innate pheasant qualities. 
Certain types of habitat can act as corridors for movement and can aid dispersal in a 
particular direction (Haas, 1995). Site variables in terms of management and habitat will 
be investigated in Chapter 6 in an attempt to explain the observed between site 
differences in direction of movement. Habitat variables and management regimes (with 
the exception of the number of birds released) remained constant between years so it is 
not clear why between year differences were observed at one site. Marked annual 
fluctuations in dispersal of both male and female great tits that could not be fully 
explained were observed by Greenwood et al. (1979). It is possible that stocking density 
was responsible for different patterns of dispersal direction in some instances and this will 
be reviewed in Chapter 6. 
Size of home range 
Individual home range estimates were very diverse in size (1-954ha) and this reflects the 
spread of home range estimates reported in the literature (Hanson & Progulske, 1973; 
Gates & Hale, 1974; Whiteside & Guthery, 1983; Hallet, 1986; Perkins et al., 1997; 
Cheeseman, 1999; Smith et al., 1999; Woodburn, 1999a; Sage et al., 2001). The 
comparable size of home ranges in this study to those of wild pheasants presented in 
literature suggests that factors other than resource availability are dictating home range 
size as game managers provide food, water and cover for the released birds. The results 
presented in Figure 5.8 (page 136) suggest that birds with just 15 fixes or so may have 
home ranges that are underestimated compared with those that have 30 or more fixes. 
This is a consequence of the continual changes in home ranges over time, and not a 
sampling problem (whereby the actual home range is not accurately sampled with fewer 
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fixes). The ranges still represent the selection of habitats etc and are therefore used in 
subsequent analyses. Exclusion of those individuals with fewer fixes would have 
introduced a bias towards the habitat selections of birds that survive beyond the start of 
the shooting season for example. Around half of the individual home ranges reached a 
stable size before the start of the shooting season (additional fixes did not lead to a 
marked increase in the size of the home range). However, the home range of almost half 
the individual tagged pheasants continued to expand with the addition of each fix 
collected before the shooting season. This group of individuals exhibiting unstable home 
ranges may be those that are dispersing from the release area in search of an alternative 
environment (see "site fidelity" sub-section, page 115). An alternative explanation may be 
that outside the breeding season, there is a lack of territoriality and birds are simply 
moving freely between areas of suitable habitat. Much of the area surrounding the 
release pens used in this study is managed specifically for pheasants and the role of 
these practices will be examined in full in Chapter 6. 
The home range of the pen as one unit (with the mean location of individual pheasants 
contributing one value to the MCP) was more stable, as the extremities of each 
individual's movement were averaged away. Just ten fixes were required on average to 
give a good (stable) estimate of the pen home range. As was true for the home ranges of 
individuals, there was a great deal of variation in the size of the weekly pen home ranges, 
from 0.1 to 892ha, with a mean value of 67ha ± 15ha. This mean area is greater than the 
area that would typically be covered in one pheasant drive on a shoot day. For larger 
shoots, this is probably of little consequence, as the surrounding areas will also be driven 
at some stage. For smaller shoots however, an area of 67ha around a release pen may 
well include land beyond the shoot boundaries and the commercial value of any released 
birds can no longer be realised in such areas. When contrasting male and female pen 
home ranges, the females were covering a significantly greater area than the males, 
which is supported by the finding that females disperse from the release area more 
frequently than the males and move a greater distance from the pen (discussed in the 
relevant sub-sections above). 
Habitat use 
Habitat categories were chosen to investigate the pheasant's use of edge features and 
were based on current understanding of pheasant habitat use. Studies have consistently 
shown that woodland edge and other "edge" habitats are important to pheasants, 
particularly those that are rich in shrubby cover of 1-2m height (Lachlan & Bray, 1976; 
Ridley, 1983; Hill & Robertson, 1988a; Woodburn & Robertson, 1990; Robertson et al., 
1993a). Game or cover crops planted specifically to "hold" pheasants simulate this 
shrubby edge habitat. 
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When comparing the use as defined by fixes to the availability as defined by home 
ranges, the exact pattern of habitat use was not consistent between sites and not 
consistent between years within sites, with the exception of Site 4. Stocking density was 
manipulated between years and may contribute to an explanation of these between year 
differences. This will be examined in Chapter 6. Furthermore, the use compared to 
availability (again, fixes versus ranges) was not consistent for males and females for 
three of the sites. The data showed some clear generalisations though; for 17 of the 21 
groups analysed (see Table 5.5, page 141) cover crops were the highest-ranking habitat 
type and were used significantly more than any other habitat type compared to the 
relative proportion available to the pheasants in each group. Similarly, for almost half of 
the analysed groupings, open areas and woodland interiors ranked lowest and were used 
significantly less than all other habitat types when compared to their availability. 
On occasion, the fixes versus ranges analyses (Site 1, 2002 and Site 5, 2003) 
demonstrated that field margins were used significantly more often than other habitat 
types, including cover crops, and although this was not a common trend, it is some cause 
for concern. Farmland habitat has changed considerably in recent decades (Jenkins, 
1984; Potts, 1990) and the relative importance of field margins for species of 
conservation value such as the grey partridge (Perdix perdbc) has increased (Aebischer et 
al., 1994). Sensitive management of field margin structure is reported to be crucial for 
maintaining invertebrate diversity and abundance in hedgerows (Maudsley, 2000) upon 
which numerous farmland birds are dependent as a food source (Green, 1984; Potts, 
1986; Stoate & Szczur, 1994; Stoate et al., 1998). Sites where pheasants are utilising 
field margins in preference to other available habitats may be compromising both the 
structure of the hedgerow and the invertebrate composition, though a recent Game 
Conservancy Trust study found no relationship between density of pheasant releasing 
and the abundance or diversity of butterflies, bumblebees and songbirds (Woodburn & 
Sage, 2005). The role of cover crops in determining patterns of movement will be 
explored more fully in Chapter 6. 
At the second level of habitat use analyses, where use was defined by habitat proportions 
within the individual home ranges and contrasted to the proportion of habitat available in 
the study area as a whole, more consistent usage patterns were observed. Gender did 
not influence habitat use and with one exception (Site 5, 2002) the rank order of habitats 
from most to least used was as follows: woodland edge, field margins, cover crops and 
finally open areas. The cover crops do not feature higher in the rank order in these 
analyses because there are only small quantities of cover crops, which are scattered 
across the study area, and whilst there may be a large number of fixes within these small 
areas, they still constitute only a small proportion of the home ranges. Woodland edge 
however occurs much more frequently in the home ranges when compared to the study 
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area as a whole, which is consistent with previous studies that have also demonstrated 
preferences for woodland edges among pheasants (Lachlan & Bray, 1976; Ridley, 1983; 
Hill & Robertson, 1988a; Woodburn & Robertson, 1990; Robertson et aL, 1993a). When 
considering the potential impact of the released pheasants however, the analyses of fixes 
versus home ranges is more valuable as it gives an indication of the proportion of time 
spent in each habitat thus highlighting the most vulnerable habitat types around release 
pens. The second level of analysis is less sensitive as the home ranges incorporate large 
areas of habitat that have been traversed by the pheasants, irrespective of the duration of 
time spent in each part of the home range. 
No significant differences in mean habitat use were detected between either dispersers 
and non-dispersers, or birds surviving or not surviving to the start of the shooting season 
in this study. This would suggest that the chances of surviving to the shooting season are 
not dictated by the habitat choices being made by individuals and that dispersal is in no-
way driven by the type of habitat that is available. 
Conclusions 
Less than half of released birds in this study permanently left the release area and hens 
were almost twice as likely to do so than cock birds. The hens also moved greater 
distances between fixes than cock birds though the difference was not significant. 
Females also moved consistently away from the pen resulting in a significantly greater 
maximum distance moved from the release site and significantly larger home ranges than 
males. 
The magnitude and frequency of movement from the release pen do not present a 
problem to shoots covering large areas, with the ability to site pens away from boundaries 
but may be problematic when this is unavoidable. The direction of dispersal was not 
random and varied between sites suggesting that factors such as habitat distribution and 
supplementary feeding may be crucial in managing movement and this will be explored in 
the following chapter. Understanding which, if any, factors influence this type of 
movement is essential for efficient releasing to occur and will be examined in Chapter 6. 
Habitat use was also non-random and there was some variation in the types of habitat 
used most frequently at different sites. In general, cover crops were used significantly 
more than other habitat categories when compared to the proportion of each habitat 
available. 
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Chapter 6: Managing the movements of released pheasants 
Emigration onto neighbouring land precludes a proportion of released pheasants from 
contributing to the shoot bag of the releasing estate and occurs despite management 
efforts to hold the pheasants in areas that will be driven on shoot days. This chapter 
investigates whether released pheasants use managed habitats in preference to non-
managed areas and explores the extent to which management in the form of feeding, 
provision of holding cover and stocking density influences the movement of released 
pheasants. 
The first section provides background information on managing habitat for pheasants, 
other types of pheasant management and other types of management of bird 
populations. The methods section follows (page 157), with details of site and year 
variables used in the analyses and methods used to investigate the impact of 
management upon departure from inside the release pen, site fidelity, maximum distance 
moved, displacement between fixes, direction of movement, habitat use and size of home 
range. Results of the analyses are presented (page 169) before the final section of this 
chapter discusses my findings (page 194). 
Background 
Pheasant populations are often managed in the UK as a consequence of the hunting 
interest (Piddington, 1980; Tapper, 1999) and management is typically a combination of 
predator control, supplementary feeding, habitat management (of both woodlands and 
surrounding areas) and releasing of farm-reared stocks. While the specific management 
goals may differ from one area to another, the underlying aim is usually to increase the 
population size in order to provide quarry for shooting. This aim may be realised in a 
number of ways; increasing productivity of wild pheasants, increasing survival rates of 
wild and reared stock, and minimising emigration from the managed area. In recent years 
there has been an increasing reliance on the release of hand-reared pheasants to sustain 
the shooting industry in many parts of the UK (Tapper, 1999) and releasing captive 
reared birds now underpins most shooting activity (Robertson & Rosenberg, 1988). With 
the current emphasis on rearing and releasing, the focus of shoot management has 
shifted from promoting wild productivity to ensuring adequate survival and fidelity of the 
reared pheasant population. 
In addition to the potential economic value of increasing releasing efficiency via habitat 
management and provision of food, understanding the habitat use of released pheasants 
highlights potential conflicts with other wildlife. Releasing densities have exceeded 250 
pheasants km-2 of estate in recent years (Ludolf et al., 1989b; Aebischer, 2003) and the 
impact of these birds on the wider environment is not well documented. It has been 
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suggested anecdotally that pheasants may be responsible for local declines in butterfly 
and reptile species and damage to woodland flora and hedgerows; a number of studies 
have attempted to document such impacts, especially on butterflies and woodland flora 
(Corke, 1989; Clarke & Robertson, 1993; Woodburn & Sage, 2005; Callegari, 2006). 
Sage et al. (2005) demonstrated that the flora within pheasant release pens was 
adversely affected when compared to areas where no releasing took place. This effect 
appeared to be localized to the release area, where the highest concentrations of 
pheasants would be expected, and the most intensive management undertaken. Other 
studies have highlighted aspects of game management that are beneficial to other wildlife 
(Robertson et al., 1995; Stoate et al., 2000; Stoate, 2002b; Parish & Sotherton, 2004a). 
The first subsection provides background information on managing habitat for pheasants 
followed by an introduction to other types of pheasant management. The section closes 
with some examples of how movement and habitat use by birds can be influenced by 
management. 
Managing habitat for pheasants 
Good quality habitats have been linked with decreased frequency of dispersal and 
reduced dispersal distances in pheasants and other bird species (Krauss et al., 1987; 
Neergaard, 1999). Habitat management for released pheasants is undertaken to 
maximise survival and decrease dispersal beyond the releasing estate boundaries, so 
that the optimal economic value of released pheasants can be realised. Habitat 
management for pheasants is mainly concerned with woodland and game cover and 
these practices are reviewed here. 
Woodland management 
Managing woodlands for pheasants is a widespread practice. Over 80% of estates 
responding to a questionnaire in the National Game Census undertook some form of 
woodland management specifically for pheasants including planting, felling, restocking 
and coppicing (Bealey & Robertson, 1992). Pheasant shooting leads to the planting and 
retention of much woodland in the UK (Shoard, 1980). Landowners participating in field 
sports also maintained the most established woodland and planted more new woodland 
and hedgerows than those who did not participate (Oldfield et al., 2003) and this has 
important benefits to biodiversity and the maintenance of habitat heterogeneity. 
Woodlands are important in reared pheasant management for several reasons. Not only 
are the majority of release pens located in or on the edge of woodland but also woodland, 
(especially that with a well-developed scrub layer) is the major habitat for pheasants in 
winter (Robertson et al., 1993a). The value of woodland management for pheasants is 
mainly realised during this period, coinciding with the seasonal movements of the birds 
151 
(Gatti et al., 1983). The management of the woodland is also central to the success of 
driven shoot days; structural management should permit pheasants to rise easily within 
woodland and fly over the guns (Gray, 1964; Game Conservancy, 1994) and 
unsympathetic management of woodlands can result in poor quality shooting (Gray, 
1964). Studies in the USA have also suggested that woodland management may be 
useful in reversing the decline of wild pheasant populations (Gatti et al., 1989). 
Habitat requirements of wild and reared pheasants are detailed in Chapter 5 (page 116) 
and the woodland management associated with releasing pheasants is aimed at 
increasing the holding capacity. Maximising features such as a shrubby layer (1-2m in 
height) that are favoured by pheasants at particular times of the year can achieve this 
(Woodburn & Robertson, 1990). This contrasts with wild bird management where 
provisions of suitable habitat and food resources for all aspects of life history are 
undertaken (Draycott et aL, 2002). In the case of wild birds, woodland management may 
be important in providing the main overwintering sites for the territories of breeding males, 
and nesting and brood rearing in females in the spring (Hill and Robertson, 1988a). 
Wide ranges of woodland management practices were carried out, for the benefit of 
pheasant releasing, on all six of my study sites (coppicing, ride management, ride 
creation, sky-lighting, planting of new woodland etc.). However, little or no woodland 
within the study sites was free from some level of management for pheasants. 
Consequently, it was not possible to test the effects of woodland management on the 
movements of the released birds in this study. 
Game crops 
Game cover crops are important aspects of lowland pheasant management; in autumn, 
they provide both shelter and a source of food for released pheasants. They can also aid 
management of shooting (Draycott et al., 2002) by holding birds in areas that can be 
driven on shoot days (Game Conservancy, 1994). Careful siting of game crops is 
complimentary to pheasant releasing and the planting of cover has been described as 
providing "soak up power" during the post-release period for the large numbers of birds 
liberated (Gill, 1977). Burger & Oldenburg (1972) noted that in the absence of good cover 
(such as game crops) birds drifted away from the release site rapidly and shooting returns 
improved with increasing areas of sorghum. 
80% of respondents to a 2003 Game Conservancy Trust survey of nationwide 
gamekeepers planted cover crops (Ewald, 2004). According to the survey the most 
commonly planted crop was maize, or a maize mix and this was also true of the game 
crops planted on my study sites, though small areas of kale, triticale, quinoa, and 
jerusalem artichokes were also present. Game cover area occupied, on average, 3% of 
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the arable area within those estates that provided detailed information to the Game 
Conservancy Trust survey and the proportion of the study areas as a whole planted with 
game crops in my study ranged from 0.3-3% (see Table 6.2, page 161). 
Cover crops provide good alternatives to natural cover such as bramble, with the added 
benefit that it is possible for them to be driven far more effectively on shoot days (Ludolf, 
et al., 1989c). In addition to the benefits for pheasants and shoot management, some 
game crops provide valuable resources to songbirds (Henderson et al., 2004; Parish & 
Sotherton, 2004a; Stoate et aL, 2004) and other wildlife (Parish & Sotherton, 2004b). 
Maize however has minimal conservation value for farmland birds compared with some 
other game crops (Stoate et al., 2004). 
All of the game cover plots on my study sites were provisioned with supplementary feed 
and the two variables (feeding and game cover) cannot therefore, be separated for the 
purpose of analysis. 
Other types of pheasant management 
Supplementary feeding 
Animals have been shown to disperse further when food supplies are scarce (Lack, 1954) 
and supplementing territories with food can decrease dispersal in some bird species 
(Arcese, 1989; Lu & Zheng, 2002). At the time of release pheasants are fed on high 
protein pellets, usually dispensed via food hoppers in and around the release pen and 
these pellets are later replaced with wheat (Game Conservancy, 1996; Ewald, 2004). The 
practice of supplementary feeding, or at least the provision of winter food, to maintain 
pheasant populations and 'hold' birds in specific woodland habitats suitable for shooting, 
has been undertaken since the 18th century (Hill & Ridley, 1987). 89% of estates 
responding to a Game Conservancy Trust survey provided supplementary feeding to 
game birds from September to February. 93% of these estates used food hoppers to 
dispense the food and 72% also provided scattered feed. In my study, in addition to food 
hoppers, food was mechanically scattered along tracks and rides in and around the 
release area on the six study sites for the duration of my study. 
Supplementary feeding can improve the body condition of pheasants over winter and 
early spring (Draycott et aL, 1998) and food availability has a positive effect on both the 
breeding and winter densities of cock pheasants (Robertson et al., 1993a). Hen density is 
also positively correlated with supplemental food resources, although the amount of 
shrubby cover is an overriding factor in determining female pheasant density (Hill & 
Ridley, 1987). Increased densities resulting from supplementary feeding are the product 
of both elevated survival rates (Jones, 2004) and altered habitat selection; the density of 
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females in fields decreased when supplementary feed was provided in woodland (Hill & 
Ridley, 1987). Game managers wishing to localise coveys of bobwhites (Colinus 
virginianus) could accomplish this objective using feeders (Guthery et al., 2004). The 
practice of supplementary feeding was used to define "managed" areas in this study and 
this measure is incorporated as an explanatory variable into analyses of numerous 
aspects of movement throughout this chapter. 
Releasing strategy 
There are a large number of factors to be considered when releasing hand-reared 
pheasants. Use of a release pen, location of the pen if used, pen size, date of release, 
date the pen is opened up, number of birds released, age of birds, strain of birds and 
whether or not to clip wings are some of the many variables that can potentially influence 
the outcome of pheasant releasing (Game Conservancy, 1996). A full review of pheasant 
releasing is provided in Chapter 1 of this thesis (page 8). 
Although a selection of releasing variables were measured in this study and feature in the 
analyses presented in this chapter, the impacts of stocking densities were of particular 
interest. The number of birds released was manipulated experimentally in each pen 
across the three years of the study (see Table 2.3, page 39 for details). 
The Game Conservancy Trust suggest that 700 birds per hectare of release pen is an 
appropriate stocking level (Sage & Swan, 2003) but releases in the order of 8000 birds 
per hectare of release pen, have been documented (Ludolf et al., 1989b). The mean 
stocking density reported in Sage et al. (2005) based on 1988 data was 2250 pheasants 
per hectare of release pen. The authors noted however that more recent (unpublished) 
data gave rise to a mean stocking density of 1800 birds per hectare. The range of pen 
stocking levels studied here range from 573 birds per hectare of release pen up to 4912 
birds per hectare of release pen. 
How the number of birds used to stock a pen will affect the fate of the birds is not known. 
There is some evidence that large brood sizes or densely populated natal areas will bring 
about elevated levels of natal dispersal in other species of bird (Greenwood et al., 1979; 
Nilsson, 1989; Kenward etal., 2001b). Although studies have examined movement 
patterns for pheasants (Hill & Ridley, 1987; Gatti et al., 1989; Perkins etal., 1997; Sage 
et al., 2001 amongst others), the release of hand-reared birds results in phenomena 
atypical of the population biology of this species (Koubek & Kubigta, 1990). Movements 
immediately following release have not been studied in connection with releasing 
management. 
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Predator control 
Many studies have reported high losses of pheasants (both reared and wild birds) to 
mammalian predators (Hessler et aL, 1970; GOransson & Loman, 1986; Krauss et al., 
1987; Leif, 1994; Hoodless etal., 1999; Sage et aL, 2001) and predator control is 
commonplace wherever releasing occurs. Control of mammalian predators in game 
management is reviewed at length in Reynolds & Tapper (1996). Most predator control is 
lethal and has been practiced in Britain for nearly 200 years as part of game management 
(Reynolds & Tapper, 1996). Control of foxes (Vulpes vulpes) on my study sites took the 
form of "lamping" (shooting with a rifle at night, with the aid of a vehicle and a spot-light) 
and snaring, which are standard control measures practiced in the UK under current 
legislation (Game Conservancy, 1989). Quantifying the predator control effort on each 
site in each year was not possible. An index of the predation pressure was generated for 
each site, however based on the number of foxes killed (see page 159). 
Managing the movement of bird populations 
Although large-scale releasing of birds is unique to the shooting industry, many situations 
call on a need to manage the movement of birds. Many examples relate to conservation 
strategies for vulnerable species. Moderating levels of grazing to manipulate vegetation 
height and cover can improve habitat suitability for little bustards (Tetrax tetrax), for 
example (Silva et aL, 2004). Buner et aL (2005) found that a framework of ecologically 
enhanced areas (wildflower strips and hedges) influenced grey partridge (Perdix perdix) 
movement and these enhancements were necessary to restore locally extinct grey 
partridge populations. Successful translocation of birds (for conservation purposes) 
requires adequate research on habitat requirements and availability plus good integration 
with habitat management. The specific management approach will vary across species, 
depending on species requirements. Manipulating habitat to favour prey over predators is 
another method of managing bird populations and Kenward et al. (2001a) suggest that 
increasing shrubs within pheasant release pens, or siting pens in areas lacking perches 
for buzzards (Buteo buteo) could decrease the incidence of buzzard predation at release 
pens. 
The intensification of agriculture in recent years (Potts, 1980; Stoate, 1996) has reduced 
the availability of preferred pheasant habitats (woodland edge and shrubby cover in 
winter and grassy cover for nesting and brood rearing) and increased the proportions of 
those habitats normally avoided (open farmland). The association between birds and 
remaining optimal pheasant habitat has been strengthened as a result (Gatti et al., 1989) 
and game has been forced to make more use of intercrop zones of farmland (Aebischer 
et al., 1994). In such a landscape, the manipulation and modification of habitat features, 
such as the provision of cover crops, may have a strong effect on pheasant densities and 
distributions and the relative importance of these areas and the way they are managed 
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for game is increasingly important (Aebischer et al., 1994). The strategic use of set-aside, 
crop edges and grass strips may be useful for a variety of game species in terms of food 
resources, cover, nesting habitat and brood-rearing habitat (Aebischer et al., 1994). 
Hessler et al. (1970) recorded little dispersion of hand-reared birds from release sites (no 
release pen was used) during the first 28 days after release and birds exploited edge 
habitats comparable in structure to game cover. Gatti et al. (1989) also found pheasants 
responded to management by selecting "retired croplands" (set-aside) preferentially in the 
autumn, and selecting habitat patches rich in food resources in autumn and winter (Gatti 
et al., 1989). Gatti et al. considered management of movement at these times (which are 
comparable to the research period in my study) should focus on provision of adequate 
cover and supplementary feeding. 
The distribution of habitat is also important to wild pheasant populations; presence of 
specific landscape features and their dispersion and fragmentation have been shown to 
affect habitat use, home range size and mortality (Perkins et al., 1997). The locations of 
woody and brushy cover were critical factors in influencing the temporal and spatial 
distribution of winter pheasant populations in a number of studies (Gates & Hale, 1974; 
Warner & David, 1982; Whiteside & Guthery, 1983; Penrod et al., 1986; Gatti et al., 1989; 
Leptich, 1992). A USA study found the greatest movements of birds occurred during 
October and late November (Gatti et al., 1989), especially as harvests were brought in 
and habitat availability and structure was altered. Shooting pressures increase at this time 
(the pheasant season opens on the 1st October in the UK) therefore managing pheasant 
dispersal is crucial at this time if desired shooting bags are to be achieved over winter. 
The effect of a number of management practices associated with pheasant releasing 
upon movement of pheasants (as measured and presented in Chapter 5 of this thesis) 
are investigated in this chapter. Methods of data collection and the analyses used to 
explore the relationship between management and movement are presented in the next 
section. 
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Methods 
The data analysed in this chapter were collated from the study of radio-tagged pheasants 
released onto six estates in 2001, 2002 and 2003. The general methods used to collect 
these data are detailed in Chapter 2. All analyses were carried out in R (R Development 
Core Team, 2004) unless otherwise stated. Presented in the following subsections are 
details of the site and year variables used in several analyses throughout this chapter, 
and methods used to examine the effects of management on each of the following: 
departure from the release pen, site fidelity, maximum distance moved, displacement 
between fixes, direction of movement, use of managed areas and pen home range size. 
Where relevant, analyses were repeated excluding the first year data (as the difference in 
radio-tags may have led to underestimates in the movement of the pheasants) and these 
results, which provided no additional insights or differing conclusions are presented in 
Appendix 1 for reference. Results of the main analyses are presented on page 169 and 
discussed on page 194. 
Site and year variables 
Significant between site variations and between year variations were detected in a 
number of the analyses of movement in Chapter 5 of this thesis. To explore which 
attributes of the sites and years were influencing movement a number of explanatory 
variables were measured and incorporated into the analyses presented in this chapter. 
The variables are summarised in Table 6.1 and details of measurement methods are 
provided overleaf. The values of the variables used in the site-specific analyses are listed 
in Table 6.2 and those used to analyse changes between years are tabulated in Table 
6.3. 
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Explanatory variable Description 
Shrubby cover 
Percentage of cover between 1 and 2m high based 
on 120 point samples in and around the release 
pen 
Managed area Proportion of the study area where feeding takes place 
Game crops Total proportion of study area planted with game crops 
Woodland Total proportion of study area under woodland 
Keeper ha Total ha of study area divided by the total number of full-time gamekeepers 
Site foxes Total number of foxes shot or snared on each releasing estate over the three years of the study 
Stocking density Number of poults released per ha of release pen 
Date of release 
Day of the year on which releasing occurred (distinct 
from the interval between release and the onset of 
shooting, labelled as "Time to shoot" below) 
Time to shoot Number of days between the release day and the first day of shooting in the release area 
Age Age in days of poults at the time of release 
Time to pen opening 
Number of days between the day of release and 
the day of the pen gates being opened or pen 
fences being lifted 
Year foxes Total number of foxes shot or snared on each releasing estate, each year 
Table 6.1: Summary of variables tested for correlation with aspects of movement in this 
chapter. These variables were also correlated with aspects of survival in Chapter 4 (page 
63). 
Shrubby cover (1-2m) at release pen 
The vertical structure of the release area was profiled prior to the pheasant release each 
year, using a method adapted from Robertson et al. (1993a), recording presence or 
absence of vegetation at a series of points. Originating at the centre point of the release 
pen, eight transects, each 150m long, were set out. The direction of the first transect was 
randomly assigned and subsequent transects were 45 degrees clockwise from the 
previous line. At 10m intervals along each transect the presence or absence of vegetation 
in a column with a basal area of 30 x 30cm was recorded at 100-200cm above ground 
level, giving 8 x 15 = 120 values for each release area. For all six release sites the 150m 
transects included points beyond the edges of the release pen. A linear model of the 
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arcsine-transformed percentage of shrubby cover was used to test for between year 
differences and although the vegetation differed significantly between sites (F5, 12 = 17.91, 
P < 0.001), year did not affect the percentage of cover (F2,10 = 0.85, P = 0.46). 
Consequently, a mean site value was used for analysis purposes. 
Proportion of study site managed for pheasants, game crops and woodland 
The study areas were digitised onto a Geographical Information System (GIS) package 
called Mapinfo Professional (Mapinfo Professional, 2003). A habitat map was created 
including information on crop and woodland types and areas of game cover plots, which 
were mapped in the field using a hand-held GPS (global positioning system) data logger 
and added to the digitised study site maps. All areas were classified as managed or 
unmanaged: the former being any area where supplementary feeding took place. The 
GIS was then used to calculate the proportion of the study area managed for pheasants. 
Pheasants are strongly associated with woodland edge habitat (Hill & Robertson, 1988a) 
and so the proportions of woodland were calculated for each site using the digitised maps 
in the Mapinfo package and used as an explanatory variable. Game crops are also an 
integral part of managing reared pheasants (Game Conservancy, 1994) and total 
proportions of game crops were similarly calculated for each study site. 
Number of hectares of study area per gamekeeper 
The number of full-time gamekeepers working on the study areas varied between sites 
and the number of ha per keeper was used as an explanatory variable to capture an 
approximation of the gamekeeping effort in each study area. Gamekeepers are 
responsible for supplementary feeding, predator control and maintenance of release pens 
amongst other things, all of which could play some role in determining patterns of 
movement from the release pen. The figure does not incorporate the presence or 
absence of gamekeepers on adjacent land. 
Site index of fox abundance and year index of fox abundance 
Gamekeepers provided the total numbers of foxes snared or shot on the releasing 
estates in 2001, 2002 and 2003. These records provide a site index of the relative 
abundance of foxes, in the absence of a specific survey of abundance, which was not 
feasible during the course of this study. 
Analyses incorporating data points for each site and year used a modified fox index, 
taking the number of foxes snared or shot in the relevant 12 month period, rather than the 
sum of all three years as described above. 
159 
Stocking density 
The experimental manipulation of stocking density was undertaken each year to simulate 
both overstocking and understocking of the release pen. Details are tabulated in Table 
6.3 overleaf. 
Date of release 
The date of release in this study ranged from the last week in June through to the first 
week of September across sites and years. The calendar date was converted to a day of 
the year (i.e. 1st January = day 1 irrespective of the calendar year in which it falls). 
Interval between release and start of shooting ("Time to shoot") 
This interval was unrelated to the date of the release but measured the difference (in 
days) between the day of the year when shooting commenced at a particular site and the 
day of the year that the release took place at the site. 
Age of poults at time of release 
The age (in days) of poults at the time of release ranged from 42 to 66 across sites and 
was dependent on the source of birds used for release. This measurement was included 
as a possible explanatory variable because birds that are younger at the time of release 
may remain at the release site for a longer period if dispersal is related to the maturity of 
individuals. Habitat selection has been shown to differ between juveniles and adults and 
other movements are likely to be similarly influenced by age. 
Interval between release and opening up of pen ("Time to pen opening") 
At some point after releasing pheasants into the pen, game managers open up the pen 
gates or alternatively lift part of the pen fencing so that birds are able to walk freely from 
inside the pen, in addition to being able to fly through the open top of the pen. The time 
interval between the date of the release and the date the pen was opened up (measured 
in days) provides a measure of this management practice. 
All six of the study sites experienced broadly similar weather conditions due to their 
geographic proximity though it is probable that between year variations in the weather 
may account for some of the unexplained variation in the data sets. The variables 
incorporated into the analyses presented in this thesis however were restricted to aspects 
of management that can potentially be controlled or manipulated to some degree. 
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Site Shrubby cover 
Managed 
area 
Game 
crops Woodland Keeper ha Site foxes 
1 0.52 0.17 0.01 0.29 800 382 
2 0.16 0.14 0.01 0.21 400 125 
3 0.08 0.04 0.01 0.09 700 190 
4 0.35 0.18 0.02 0.32 700 140 
5 0.60 0.17 0.003 0.26 500 160 
6 0.45 0.16 0.03 0.29 600 112 
Table 6.2: Values for site attributes used as exp anatory variables in analyses throughout 
this chapter, for each of the six study sites in all three years (2001 - 2003). A definition of 
each variable can be found in Table 6.1 (page 158). 
Site Year Stocking density 
Date of 
release 
Time to 
shoot Age 
Time to 
pen 
open 
Year 
foxes 
1 
2001 4912 187 92 46 24 120 
2002 2456 207 92 42 47 132 
2003 1965 184 114 46 30 130 
2 
2001 3755 190 89 45 34 30 
2002 1877 176 102 45 42 50 
2003 3755 176 101 46 47 45 
3 
2001 2221 212 102 42 50 65 
2002 4442 210 102 42 43 65 
2003 1111 205 102 50 47 60 
4 
2001 573 226 76 54 29 45 
2002 1147 195 107 46 38 45 
2003 1434 213 87 45 33 50 
5 
2001 2375 247 89 49 41 55 
2002 3294 221 85 42 51 45 
2003 4117 213 99 46 42 60 
6 
2001 623 200 104 66 33 28 
2002 1246 219 83 63 24 40 
2003 779 198 106 49 29 44 
Table 6.3: Values for year attributes used as explanatory variables in analyses 
throughout this chapter, for each of the six study sites in 2001, 2002 and 2003. A 
definition of each variable can be found in Table 6.1 (page 158). 
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Departure from inside the release pen and the effects of management 
The day each radio-tagged pheasant was located outside of the release pen for the first 
time was recorded and a mean departure day, measured in days since release, was 
generated for each pen in each year. Although the first day an individual was recorded 
outside of the release pen may not have been the first true excursion out (as data were 
not collected daily), the regularity of visits at all sites in all years was consistent (2-3 days) 
in the weeks following release. The first detected excursion beyond the confines of the 
release pen is therefore comparable between all sites and years. 
The mean departure day was log-transformed to normalise and analysed to test the main 
effects of site, year, stocking density and pen opening. "Pen opening" refers to the 
number of days after release when the gate of the pen was left open or the pen fences 
were partially lifted by the gamekeeper: a management practice intended to encourage 
movement away from the release pen itself into the surrounding managed areas. 
Backwards stepwise analysis of covariance was carried out to remove non-significant 
terms from the model. 
A second regression testing the effect of pen size (hectares) and stocking density, and 
the interaction between the two variables, upon the timing of the pen opening was also 
carried out to determine which variables influence this management decision. 
Site fidelity and the effects of management 
The 339 radio-tagged pheasants that were successfully monitored from release until the 
start of the shooting season (excluding those that died or were lost during this time, see 
Chapter 4 page 76) were classified as "dispersers" or "non-dispersers" according to their 
movements from the point of release. Individuals departing from the release area and not 
returning to it were labelled as dispersers and those that did not ever leave the release 
area or left on temporary excursions only, were categorized as non-dispersers. Analysis 
in Chapter 5 (page 127) demonstrated a link between gender and the frequency of 
departure from the release area so males and females are analysed separately here to 
assess the influence of management on both sexes. 
The impact of stocking density (manipulated between years at each site) upon the 
proportion of males and females dispersing from the release area was tested with a 
backwards stepwise analysis of codeviance. The GLM (generalised linear model) used a 
logit link function and a binomial error structure and included site and year variables as 
well as stocking density and the interaction between stocking density and site. Deletion 
tests were used to assess the significance of model terms. 
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Separate analyses of the effect of body mass on the proportion of male and female radio-
tagged pheasants dispersing from the release area were also undertaken. To test the 
hypothesis that body mass may influence the frequency of dispersal from the release 
area, a paired t-test was undertaken, comparing the mean body mass (at the time of 
radio-tagging) of birds that dispersed with those that did not disperse. A mean body mass 
was calculated for the hens and cocks at each site, to avoid the pseudoreplication 
associated with including all radio-tagged birds in the analyses. The paired t-test 
incorporated site as a blocking factor as it was evident from previous analyses that 
between site differences accounted for much of the variation in response variables 
measured in this study. 
Thirdly, in an attempt to understand which aspects of the sites and releasing years were 
influencing permanent movement away from the pen during the study, a series of 
Spearman's rank correlation coefficients were calculated. Both site and year variables 
were found to contribute significantly to the proportion of birds dispersing from the release 
area. A number of explanatory variables were measured for each site and year as listed 
in Table 6.1 (page 158). Since site variables were common to all birds released at a given 
site and site/year variables were common to the entire relevant cohort, analyses were 
undertaken at the site or site/year level. Each of the site and site/year variables were 
correlated in turn with first the proportion of the female radio-tagged birds dispersing from 
the release area, and second, the proportion of males dispersing from the release area. 
Where site variables were tested, mean proportions for each site were used (n = 6) and 
where the site variables differed between years, proportions for each site/year 
combination were used (n = 18). A non-parametric assessment of the correlation between 
the proportions and the site or site/year variables was undertaken using Spearman's rank 
correlation coefficient due to the lack of normality in the site variables. The association of 
the paired data is given a value of between —1 and 1, with 0 being no association and a 
test of the value being zero is carried out. 
Maximum distance moved and the effects of management 
All fix (radio-tagged bird location) to release pen distances were calculated in Mapinfo 
(MapInfo Professional, 2003). The maximum distance moved by each radio-tagged bird 
that was successfully tracked between release and the start of the shooting season was 
recorded and a mean value for each pen, each year was calculated and used as the 
response in this analysis. Five of the 339 birds that survived to the start of the shooting 
season were excluded from the analyses as they were lost from the sample for a period 
and consequently the maximum distance from the pen was unknown during the time 
between release and the commencement of shooting. Analyses were carried out 
separately for hens and cocks as the results of analyses presented in Chapter 5 (page 
127) indicated significant differences between the movements of these two groups. The 
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data were log-transformed to normalize the error distribution and examined with analysis 
of covariance (ANCOVA), testing the effects of stocking density and the interaction 
between stocking density and site. The main effects of site and year were also included in 
the maximal model. 
The explanatory variable "year" was further investigated with comparisons of the mean 
maximum-distance-moved at each site between years. Paired t-tests incorporating site as 
a blocking factor (it was evident from previous analyses that between site differences 
accounted for much of the variation) were used to compare data from 2001, 2002 and 
2003 with each other, for hens and cocks separately. 
Both site and year variables were found to contribute significantly to the distance moved 
by hens between release and the start of the shooting season. A number of explanatory 
variables were measured for each site and year as tabulated in Table 6.1 (page 158). 
Since site variables were common to all hens released at a given site and site/year 
variables were common to the entire relevant cohort, analyses were undertaken at the 
site or site/year level. Each of the site and site/year variables was correlated in turn with 
the mean maximum-distance-moved by female radio-tagged birds alive at the start of the 
shooting season. Where site variables were tested, mean distances for each site were 
used (n = 6) and where the site variables differed between years, mean distances for 
each site/year combination were used (n = 18). A non-parametric assessment of the 
correlation between the proportions and the site or site/year variables was undertaken 
using Spearman's rank correlation coefficient due to the lack of normality in the site 
variables. The association of the paired data is given a value of between —1 and 1, with 0 
being no association and a test of the value being zero is carried out. 
Site was not retained in the model of mean maximum-distance-moved for cock birds and 
therefore the correlation of site specific variables with distance moved were not 
undertaken for the male group. Year, however, was found to significantly contribute to the 
model and year-based attributes were correlated with the mean maximum-distance-
moved by male birds as described for the hens, above. 
Displacement between fixes and the effects of management 
The mean displacement between fixes was analysed for each of the site/year 
combinations. A subset of the 339 birds that survived to the start of the shooting season 
contributed data points. These 258 individuals were consistently located on each of the 
site visits and thus the trajectories mapped between successive fixes can be fairly 
compared. The number of fixes per bird ranged from 22 to 42 and was not different for 
males and females at each site (confirmed with a paired t-test of mean number of fixes for 
males and females at each of the 18 site/year combinations: see Chapter 5, page 128). 
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The time lapse between fixes was 2-3 days and the sums of the displacement distances 
between successive locations were divided by the number of locations recorded. The 
mean values per bird were then used to generate a mean value for each pen cohort. The 
mean displacement per fix for each pen/year combination was log transformed to 
normalize the residuals and analysed with ANCOVA. The ANCOVA tested the effects of 
stocking density, site, year and the interaction between site and stocking density upon the 
mean displacement distances. The data for hens and cocks was pooled for each site/year 
combination, as there was no evidence of significant gender differences; see Chapter 5, 
page 128. 
Paired t-tests were used to compare the differences in displacement distances across 
years. The paired t-tests incorporated site as a blocking factor (it was evident from 
previous analyses that between site differences accounted for much of the variation) and 
were used to compare data from years 2001, 2002 and 2003 with each other for hens 
and cocks combined. 
Both site and year variables were found to contribute significantly to the distance moved 
between fixes prior to the start of the shooting season. As for previous analyses, the 
explanatory variables were measured for each site and year as tabulated in Table 6.1 
(page 158). Since site variables were common to all birds released at a given site and 
site/year variables were common to the entire relevant cohort, analyses were undertaken 
at the site or site/year level. Each of the site and site/year variables was correlated in turn 
with the mean displacement between fixes. Where site variables were tested, mean 
displacements for each site were used (n = 6) and where the site variables differed 
between years, mean values for each site/year combination were tested (n = 18). A non-
parametric assessment of the correlation between the proportions and the site or 
site/year variables was undertaken using Spearman's rank correlation coefficient due to 
the lack of normality in the site variables. The association of the paired data is given a 
value of between —1 and 1, with 0 being no association and a test of the value being zero 
is carried out. 
Direction of movement and the effects of management 
Chapter 5 highlighted that movement from the release pen was not random in direction 
and that the favoured direction was not consistent across sites. The fix to release pen 
angles for all locations of birds monitored from the point of release to the start of the 
shooting season, were calculated using Ranges6 software (Kenward et al., 2003). All 
fixes collected after an individual's first departure from the release pen, but prior to the 
start of the shooting season were included and birds with less than four fixes were 
excluded from the analysis. A total of 399 birds thus contributed data to the analysis. 
Each study area was divided into nine sectors (of width 40°) radiating from the centre of 
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the release pen. A GIS package (Mapinfo, 2003) was used to calculate the proportion of 
each sector that was managed for pheasants (any area where supplementary feeding 
took place) at each site. 
The proportions of fixes located in each sector, each year were arcsine-transformed and 
then modelled as a function of the proportion of each sector that was managed (also 
arcsine-transformed), the stocking density, and the interaction between the managed 
proportion and stocking density. The interaction term was incorporated, as there is 
evidence that habitat use is influenced by population density in a number of bird species. 
Analyses were undertaken separately for each site and each sex due to the between site 
differences in direction of movement and between sex differences in movement 
highlighted in Chapter 5. The use of managed habitats is further analysed in the following 
subsection. 
Individual use of managed areas 
In addition to examining the home range size in relation to aspects of management (see 
below), the composition of individual home ranges were analysed to test whether or not 
managed areas were used more frequently than the proportions in which they were 
available to individuals. Compositional analysis of habitat use, as described in Aebischer 
et aL (1993a), was carried out to assess the relative importance of managed habitat, 
where supplementary feeding occurred (this included all game crops) in comparison to 
areas where feeding did not take place. The proportion of managed and unmanaged 
areas were estimated from digitised study site maps produced in Mapinfo (Mapinfo, 
2003) supplemented with data for managed areas mapped using a hand-held GPS 
(global positioning system) data logger. 
Use of the managed areas was assessed at two levels. Firstly, use of the two habitats 
(managed or unmanaged) was defined for individuals as the proportion of radio-locations 
collected up to the date of the first shoot day, in each of the categories. The assumption 
of compositional analysis is that if there is no effect of habitat, fixes will be distributed 
across habitat categories in similar proportions to the availability of categories. It follows 
that all areas included in the definition of available habitat must actually be available to 
individuals so that any detection of non-random use can be attributed to selection by 
birds rather than restricted access to any habitat. Therefore, radio-locations collected 
prior to an individual's first use of a non-woodland habitat were excluded in order to 
discount locations that may have been restricted by the releasing process (i.e. the 
confines of the pen and wing-clipping). It is not clear that these locations would reflect any 
habitat selection or choice but would generate a spurious non-random use of habitat 
(overestimating the "selection" of the release area) if included in the compositional 
analysis. Individuals with less than four fixes outside of the release woodland were 
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excluded from the analysis. A small number of individuals with home ranges that did not 
cover both habitat categories (i.e. those with null proportions for availability in one or 
more of the categories) were also excluded as such birds contributed no information on 
the use of managed or unmanaged habitat. A total of 285 individuals therefore 
contributed to the analysis. 
Habitat availability for the first level of analysis was defined for individuals as the 
proportion of each habitat category in a minimum convex polygon (MCP) produced from 
the fixes described above. A number of home range estimates were evaluated (Kenward 
et al., 2003) but MCP's were selected as they incorporate all of the fix data thus enabling 
the use versus availability comparison to include the maximum fix data. MCP's have also 
been a standard in many previous studies (Robertson & Whelan, 1987a; Gatti et al., 
1989; Woodburn, 1999a; Sage et aL, 2001). 
Differences in the log-ratio transformed proportions of used and available habitats were 
subject to analysis of variance to determine which groups (sites, years and sexes) could 
be pooled. Appropriate groups were then tested for non-random use of the available 
categories using the "adehabitat" package in R (Calenge, 2005), which follows Aebischer 
et al. (1993a), testing the hypothesis that there is no difference between paired log-ratio 
use and log-ratio availability for all categories simultaneously. When significantly non-
random use of the available categories was detected, (using a Wilks lambda test statistic) 
matrices of pairwise comparisons of both categories were produced and each element of 
the matrix averaged over all individuals in a group. The "average" matrix was then used to 
rank the categories and a t-value (measuring departure from random use) calculated to 
highlight where significant non-random use occurred. Wilks lambda was the preferred test 
statistic for non-random use as 1-A gives the proportion of generalized variance in the 
log-ratio differences explained by the model and Wilks lambda has been a standard in 
many published studies of habitat use (Tella etal., 1996; Revilla et al., 2000; Morrison & 
Humphrey, 2001; Lyons et aL, 2003). 
The process was repeated for a second level comparing the proportion of managed and 
unmanaged areas occurring in the MCP's representing individual home ranges against 
the proportions of these habitat types in the study area as a whole, which was defined 
using a buffered minimum convex polygon of all recorded locations in the relevant time 
frame. A buffer of 165m (the median move length of radio-tagged birds in the defined time 
frame) was added, to incorporate areas neighbouring recorded locations that were 
potentially available for selection. 
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Pen home ranges and the effects of management 
The size of pen home ranges, as analysed in Chapter 5, were modelled as a function of 
stocking density, to test the hypothesis that elevated stocking levels may give rise to 
larger home ranges. A mean of the weekly estimates generated for pen/year/sex 
groupings (the study did not yield enough fixes per week per bird to pursue individual 
estimates) for weeks 5 through to 12, when shooting commenced was used as the 
response here. Mean coordinates per bird were taken from the fixes collected in any 
given week and these mean fix locations were used to generate MCP's for the 
appropriate groupings. Thus, each bird contributed one fix to the MCP in each week 
(more details can be found in Chapter 5 page 123). The weekly MCP's were then 
averaged to produce a mean site/year pen home range for males and then females. Hens 
and cocks were analysed separately due to the significant differences between the sizes 
of their home ranges, and movement patterns reported in detail in Chapter 5 (page 137). 
The mean home ranges were log-transformed to normalise residuals and modelled to test 
the effect of stocking density, the interaction between stocking density and site and the 
main effects of site and year, upon the range size for hens and cocks in turn. Stepwise 
model simplification was justified with non-significant values of deletion tests for each 
term. Treatment contrasts were used to explore the difference between modelled slopes 
at each site, for significant interaction terms. 
Significant between year differences prompted a comparison of home ranges sizes 
across years. Paired t-tests incorporating site as a blocking factor (it was evident from 
previous analyses that between site differences account for much of the variation) were 
used to compare data from 2001, 2002 and 2003 with each other, for hens and cocks 
separately. 
As with previous analyses, site and year explanatory variables were measured for each 
site and year as tabulated in Table 6.1 (page 158) and were tested for correlation with the 
mean pen home range size of cocks and hens. Since site variables were common to all 
birds released at a given site and site/year variables were common to the entire relevant 
cohort, analyses were undertaken at the site or site/year level. Each of the site and 
site/year variables was correlated in turn with the mean pen home range size between 
release and the start of the shooting season. Where site variables were tested, mean pen 
ranges for each site were used (n = 6) and where the site variables differed between 
years, mean values for each site/year combination were tested (n = 18). A non-
parametric assessment of the correlation between the proportions and the site or 
site/year variables was undertaken using Spearman's rank correlation coefficient due to 
the lack of normality in the site variables. The association of the paired data is given a 
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value of between —1 and 1, with 0 being no association and a test of the value being zero 
is carried out. 
Results 
The following section presents the findings of my analyses testing the effects of 
management on aspects of movement from the release pen in the following order. 
Departure from inside the release pen (Figures 6.1 to 6.3), site fidelity (Figures 6.4 to 6.6, 
Tables 6.4 to 6.5), maximum distance moved (Figures 6.7 to 6.9 and Tables 6.6 to 6.7), 
displacement distances (Figures 6.10 to 6.11 and Tables 6.8 to 6.9), direction of 
movement (Figures 6.12 to 6.16 and Tables 6.10 to 6.11), use of managed areas (Tables 
6.12 to 6.15) and pen home range size (Figures 6.17 to 6.20 and Tables 6.16 to 6.18). 
Maps of the study areas can be found in Chapter 2 of this thesis. Figures 2.2a to 2.7b 
illustrate the general habitat categories in each study area and those areas that are 
managed for pheasant releasing (pages 20 to 31). 
Departure from inside the release pen and the effects of management 
Figure 6.1 illustrates the distribution of days since release when radio-tagged birds were 
first located outside the release pen. The overall mean day of departure was 30 days 
after release ± 0.91 (95% CI, n = 449). Backwards stepwise analysis of the logged mean 
time of departure from the pen for each site and year resulted in a minimum adequate 
model that retained terms for site (F5, 11 = 5.13, P = 0.01) and opening up of pen (F1, 11  = 
12.73, P < 0.01). The effects of year (F2, 8 = 0.28, P = 0.76) and stocking density (F1,10 = 
0.47, P = 0.51) were not significant and were therefore deleted from the model. The 
between site differences in departure from the release pen by individuals is illustrated in 
Figure 6.2 and the significant relationship between radio-tagged bird departure from the 
release pen and the opening up of the release pen is illustrated in Figure 6.3 (page 171). 
A linear model testing the effect of stocking density and pen size upon the timing of the 
pen opening found the interaction between the two variables contributed significantly to 
the opening up of the pen (F1, 15 = 6.54, P = 0.02). Further simplification of the model 
(and testing of the main effects) was not, therefore, appropriate. 
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Figure 6.1: Histogram of the number of days after release that radio-tagged birds were 
first located outside of the release pen. Bars are plotted at five-day intervals and 
represent frequencies of tagged birds at all six study sites over the three-year study 
period. 
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Figure 6.3: Relationship between the mean day radio-tagged birds were first located 
outside the release pen, and the day the pen was opened up (both axes measured in 
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Site fidelity and the effects of management 
Figures 6.4 and 6.5 illustrate the respective proportions of female and male dispersers 
from each pen over the three year study, in relation to the density at which the release 
pen was stocked. The GLM analysing the proportion of female dispersers revealed a non-
significant interaction between stocking density and site (X2 = 4.40, P = 0.49, n = 18) and 
once this interaction term was removed from the model the main effect of stocking density 
was also found to be non-significant (X2 = 0.01, P = 0.93, n = 18). Both site and year 
variables were found to significantly affect the proportion of hen pheasants dispersing 
from the release area (site; X2 = 34.77, P < 0.01, n = 18 and year; X2 = 11.02, P < 0.01, n 
= 18). 
The proportion of male dispersers was also unaffected by stocking density. Neither the 
interaction between stocking density and site (X2 = 8.11, P = 0.15, n = 18) nor the main 
effect of stocking density (X2 = 0.40, P = 0.53, n = 18) were significant in the GLM. Unlike 
the female dispersers, year did not affect the proportions (X2 = 2.67, P = 0.26, n = 18) 
and the minimum adequate model retained only the site explanatory variable (X2 = 16.56, 
P < 0.01, n = 18). 
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Figure 6.5: Proportion of cocks dispersing from the release area at each of the six sites 
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represented by dots. 
The body mass of radio-tagged birds was not connected to whether or not dispersal from 
the release area took place for either female poults (paired t5 = 1.54, P = 0.18) or male 
poults (paired t5 = 0.89, P = 0.41). Figure 6.6 (above) illustrates the body mass of both 
the female and male groups of dispersers and non-dispersers. 
The site and year variables tested for correlation with the proportion of hens and cocks 
dispersing are tabulated in Tables 6.4 and 6.5 respectively. No significant relationships 
were detected for any of the paired variables for cock pheasants but there was a 
significant relationship between the date of release and the proportion of hens dispersing 
from the release area (R = -0.48, P = 0.05, n = 18). 
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Response Explanatory variable n Rho P 
Proportion of females 
dispersing Shrubby cover 6 0.09 
0.92 
Proportion of females 
dispersing Managed area 6 0.37 0.50 
Proportion of females 
dispersing Game crops 6 0.64 
0.18 
Proportion of females 
dispersing Woodland 6 0.58 
0.24 
Proportion of females 
dispersing Keeper ha 6 0.75 0.10 
Proportion of females 
dispersing Site foxes 6 0.14 0.80 
Proportion of males 
dispersing Shrubby cover 6 0.09 
0.92 
Proportion of males 
dispersing Managed area 6 0.60 0.24 
Proportion of males 
dispersing Game crops 6 0.58 0.24 
Proportion of males 
dispersing Woodland 6 0.72 
0.14 
Proportion of males 
dispersing Keeper ha 6 0.64 0.18 
Proportion of males 
dispersing Site foxes 6 0.09 0.92 
Table 6.4: Spearman's rank correlation coefficient and the associated probability value 
for correlation between proportion of dispersing female radio-tagged birds and a selection 
of site variables, then proportion of dispersing male radio-tagged birds and the same set 
of site variables (n = 6). No significant relationships detected. 
Response Explanatory variable n Rho P 
Proportion of females 
dispersing Date of release 18 -0.48 0.05 
Proportion of females 
dispersing Time to shoot 18 0.39 0.11 
Proportion of females 
dispersing Age 18 0.10 0.68 
Proportion of females 
dispersing Time to pen opening 18 -0.22 
0.37 
Proportion of females 
dispersing Year foxes 18 0.22 0.38 
Proportion of males 
dispersing Date of release 18 -0.44 0.07 
Proportion of males 
dispersing Time to shoot 18 0.03 0.91 
Proportion of males 
dispersing Age 18 0.12 0.64 
Proportion of males 
dispersing Time to pen opening 18 -0.39 
0.11 
Proportion of males 
dispersing Year foxes 18 0.25 0.31 
Table 6.5: Spearman's rank correlation coefficient and the associated probability value 
for correlation between frequency of dispersal of female radio-tagged birds and a 
selection of site/year variables, then frequency of dispersal of male radio-tagged birds 
and the same set of site/year variables (n = 18). Significant and near significant 
relationships highlighted in bold. 
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Maximum distance moved and the effects of management 
The interaction between stocking density and site was not significant in the analysis of 
mean maximum-distance-moved by hens (F5, 4 = 0.50, P = 0.77) or cocks (F5, 4 = 1.50, P 
= 0.36). Similarly, the main effect of stocking density itself did not affect the mean 
maximum-distance moved for either the hens (F1,9 = 0.01, P = 0.91) or the cocks (F1,9 = 
0.43, P = 0.53). The year of release and site of release both significantly affected the 
mean maximum-distance-moved by hens (F5,10 = 8.30, P = 0.002, F2, 10 = 43.20, P < 
0.001 site and year respectively). Site had no bearing on the distance moved by cocks 
however (F5,10 = 0.87, P = 0.54) reducing the minimum adequate model describing the 
movement to include only the significant year term (F5,10 = 17.32, P < 0.001). Figures 6.7 
and 6.8 illustrate the relationships between stocking density and mean maximum-
distance-moved from the pen for females and males respectively. 
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at each site each year). No significant relationship was detected between stocking density 
and maximum distance moved. 
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at each site each year). No significant relationship was detected between stocking density 
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Figure 6.9 illustrates the relationship between mean maximum-distance-moved and year 
of release. Paired t-tests confirmed that distances moved in 2002 and 2003 were not 
significantly different from each other in the radio-tagged hen population (paired t5 = 
0.145, P = 0.89). Both means for 2002 and 2003 were significantly different from the 
mean distances moved in 2001 however (paired t5 = 5.42, P < 0.01 and paired t5 = 5.60, 
P < 0.01 for 2002 and 2003 respectively compared with 2001). 
In contrast, the 2003 data for mean maximum distances moved from the release pen by 
males was significantly different to both 2001 (paired t5 = 8.13, P < 0.001) and 2002 
(paired t5 = 3.19, P = 0.02). Means from 2001 and 2002 were notably different from each 
other but the difference was not significant at the 95% level (paired t5 = 2.03, P < 0.10). 
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represent the 25 and 75 percentiles respectively, medians shown as horizontal bars and 
error bars represent 1.5 x the interquartile range. 
The Spearman's rank correlation coefficient (and associated probability) for site attributes 
and maximum distance moved by hens at each site is presented in Table 6.6. No 
significant relationships between paired variables were detected. 
Response Explanatory variable n Rho P 
Mean maximum-distance- 
moved by females Shrubby cover 6 -0.49 0.36 
Mean maximum-distance- 
moved by females Managed area 6 -0.37 0.50 
Mean maximum-distance- 
moved by females Game crops 6 0.52 0.30 
Mean maximum-distance- 
moved by females Woodland 6 -0.12 0.80 
Mean maximum-distance- 
moved by females Keeper ha 6 0.58 0.24 
Mean maximum-distance- 
moved by females Site foxes 6 0.14 0.80 
Table 6.6: Spearman's rank correlation coefficient and the associated probability value 
for correlation between mean maximum-distance-moved by female radio-tagged birds 
and a selection of site variables, (n = 6). No significant relationships detected. 
The correlation between attributes of the year in which release took place and maximum 
distances moved from the pen by both hens and cocks at each site are presented in 
Table 6.7. Spearman's rank correlation coefficient and the associated probability value 
are tabulated. Again, no significant relationships were detected. 
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Response Explanatory variable n Rho P 
Mean maximum-distance- 
moved by females Date of release 18 -0.20 0.44 
Mean maximum-distance- 
moved by females Time to shoot 18 0.37 0.13 
Mean maximum-distance- 
moved by females Age 18 0.03 0.90 
Mean maximum-distance- 
moved by females Time to pen opening 18 0.01 0.95 
Mean maximum-distance- 
moved by females Year foxes 18 0.27 0.27 
Mean maximum-distance- 
moved by males Date of release 18 -0.31 0.21 
Mean maximum-distance- 
moved by males Time to shoot 18 0.39 0.11 
Mean maximum-distance- 
moved by males Age 18 0.006 0.98 
Mean maximum-distance- 
moved by males Time to pen opening 18 -0.003 0.99 
Mean maximum-distance- 
moved by males Year foxes 18 0.28 0.25 
Table 6.7: Spearman's rank correlation coefficient and the associated probability value 
for correlation between mean maximum-distance-moved by female radio-tagged birds 
and a selection of site/year variables, then mean maximum-distance-moved by male 
radio-tagged birds and the same set of site/year variables (n = 18). No significant 
relationships detected. 
Displacement between fixes and the effects of management 
ANCOVA of mean displacement between fixes for both hens and cocks combined, testing 
the effects of site, year, stocking density and the interaction between sites and stocking 
density found no effect of the interaction term (F5, 4 = 0.76, P = 0.62) or the main effect of 
stocking density (F1, 9 = 0.11, P = 0.75). Year, however, did significantly affect the 
distance between fixes (F2, 10 = 25.64, P < 0.01) as did site (F5, 10 = 4.08, P = 0.03). 
Figure 6.10 plots the mean displacement against stocking density. 
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Figure 6.10: Mean displacement between fixes at each of the six sites in 2001, 2002 and 
2003, for different stocking levels (poults/ha of release pen). Sites are shown as matched 
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Figure 6.11 illustrates the relationship between mean displacements between fixes at 
each site for the three release years. Paired t-tests confirmed that distances moved in 
2002 and 2003 were not significantly different from each other in the radio-tagged hen 
population (paired t5 = 1.33, P = 0.24). Both mean displacement in 2002 and 2003 were 
significantly different from the mean displacements moved in 2001 however (paired t5 = 
4.17, P < 0.01 and paired t5 = 10.77, P < 0.01 for 2002 and 2003 respectively compared 
with 2001). 
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Figure 6.11: Mean displacement between fixes at each of the six sites in years 1 (2001), 
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The Spearman's rank correlation coefficient (and associated probability) for site attributes 
and mean displacement distance between fixes at each site is presented in Table 6.8. No 
significant relationships between paired variables were detected at the 95% level but the 
number of hectares per keeper on each estate was positively correlated with the 
displacement distances at the 90% level. 
Response Explanatory variable n Rho P 
Mean displacement 
between fixes Shrubby cover 6 -0.43 0.42 
Mean displacement 
between fixes Managed area 6 -0.26 0.66 
Mean displacement 
between fixes Game crops 6 
0.33 0.50 
Mean displacement 
between fixes Woodland 6 -0.12 0.80 
Mean displacement 
between fixes Keeper ha 6 0.75 0.10 
Mean displacement 
between fixes Site foxes 6 0.43 0.42 
Table 6.8: Spearman's rank correlation coefficient and the associated probability value 
for correlation between displacement between fixes of radio-tagged birds and a selection 
of site variables, (n = 6). No significant relationships detected. 
The correlation between attributes of the year in which release took place and mean 
displacement distance between fixes at each site are presented in Table 6.9. Spearman's 
rank correlation coefficient and the associated probability value are tabulated. A 
significant correlation was demonstrated between the mean displacements between fixes 
and the interval between release and shooting (R = 0.46, P = 0.05). The correlation 
between index of predation pressure and displacement fixes was also significant at the 
90% level (R = 0.41, P = 0.09). 
Response Explanatory variable n Rho P 
Mean displacement 
between fixes Stocking density 18 -0.07 0.78 
Mean displacement 
between fixes Date of release 18 -0.23 0.36 
Mean displacement 
between fixes Time to shoot 18 0.46 0.05 
Mean displacement 
between fixes Age 18 -0.08 0.75 
Mean displacement 
between fixes Time to pen opening 18 0.17 0.49 
Mean displacement 
between fixes Year foxes 18 0.41 0.09 
Table 6.9: Spearman's rank correlation coefficient and the associated probability value 
for correlation between displacement between fixes of radio-tagged birds and a selection 
of site/year variables (n = 18). Significant and near significant relationships in bold. 
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Direction of movement and the effects of management 
Neither stocking density, nor the interaction between stocking density and the proportion 
of managed area in each sector of the study area influenced the direction in which either 
gender of radio-tagged pheasants moved (F statistics and associated probability are 
tabulated in Table 6.10 for hens and Table 6.11 for cocks). The main effect of 
management was significant at three sites when considering the direction of hen 
movement and two sites when considering the cock birds. The proportion of the sector 
managed plotted against the proportion of fixes in the sector for these sites are presented 
in Figures 6.12 to 6.16, which start on page 183. 
Site Term df F P Residual  df 
1 
Stocking 
density:management 1 0.91 0.35 23 
Stocking density 1 0.04 0.85 24 
Management 1 4.38 0.05 25 
2 
Stocking 
density:management 1 0.20 0.66 23 
Stocking density 1 0.05 0.82 24 
Management 1 0.24 0.63 25 
3 
Stocking 
density:management 1 0.36 0.56 23 
Stocking density 1 < 0.01 0.99 24 
Management 1 11.23 < 0.01 25 
4 
Stocking 
density:management 1 0.01 0.91 23 
Stocking density 1 0.16 0.69 24 
Management 1 1.08 0.31 25 
5 
Stocking 
density:management 1 0.29 0.60 23 
Stocking density 1 < 0.01 0.93 24 
Management 1 4.72 0.04 25 
6 
Stocking 
density:management 1 0.85 0.37 23 
Stocking density 1 < 0.01 0.95 24 
Management 1 0.16 0.69 25 
Table 6.10: Analysis of the arcsine-transformed proportion of hen fixes in sectors 
modelled as a function of the proportion of each sector managed for pheasants, the 
stocking density and interaction between stocking density and management. Separate 
analysis was carried out for each site and significant terms are highlighted in bold. 
Number of fixes per site = 314-871 from between 25 and 43 individuals. 
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Site Term df F P Residualdf 
1 
Stocking 
density:management 1 1.96 0.17 23 
Stocking density 1 0.02 0.88 24 
Management 1 0.90 0.35 25 
2 
Stocking 
density:management 1 0.26 0.61 23 
Stocking density 1 < 0.01 0.95 24 
Management 1 0.61 0.44 25 
3 
Stocking 
density:management 1 0.18 0.68 23 
Stocking density 1 0.03 0.87 24 
Management 1 6.06 0.02 25 
4 
Stocking 
density:management 1 < 0.01 0.93 23 
Stocking density 1 0.05 0.83 24 
Management 1 0.03 0.87 25 
5 
Stocking 
density:management 1 1.38 0.25 23 
Stocking density 1 0.02 0.88 24 
Management 1 4.26 0.05 25 
6 
Stocking 
density:management 1 0.61 0.44 23 
Stocking density 1 0.03 0.85 24 
Management 1 2.80 0.11 25 
Table 6.11: Analysis of the arcsine-transformed proportion of cock fixes in sectors 
modelled as a function of the proportion of each sector managed for pheasants, the 
stocking density and interaction between stocking density and management. Separate 
analysis was carried out for each site and significant terms are highlighted in bold. 
Number of fixes per site = 376-903 from between 29 and 41 individuals. 
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Figure 6.16: Significant relationship between the transformed proportions of managed 
habitat in sectors and the proportion of fixes (cocks only) for Site 5 across three years 
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Individual use of managed areas 
The proportion of radio-tagged bird fixes that were located in managed habitat are 
tabulated in Table 6.12, along with the proportion of the individual home ranges that 
consisted of managed habitat and the proportion of the study area as a whole. The data 
suggest that the use compared to availability of managed habitats did not differ between 
hens and cocks for either level of analysis (fixes compared to home ranges or home 
ranges compared to study area) and the data were pooled for the two groups. Year had a 
significant effect at some sites, but for those sites where use was not affected by year, 
the data were also pooled. Tables 6.13 and 6.14 tabulate the results of the stepwise 
analysis of variance for the log-ratio transformed proportions of use compared to 
availability which were used to determine the appropriate pooling of groups (sex and 
years) for the two levels of analysis respectively. 
Tables 6.15 and 6.16 tabulate non-random use of the managed and unmanaged areas 
(for fixes compared to home ranges and home ranges compared to study areas 
respectively) for the groups determined by the analysis of variance described above. The 
habitat ranking of the two categories is presented where non-random use was detected. 
There was a significant use of managed habitat more commonly than it was available to 
the radio-tagged pheasants in almost all groups tested. In only one group was there a 
significantly greater use of unmanaged habitat when the proportion of fixes were 
compared to the availability of managed areas in the home ranges. The proportion of 
managed area in home ranges was not significantly different from the proportion of 
managed area in the study area for site one either. 
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Site Year Sex 
Proportion of fixes 
in managed 
habitat 
Proportion of 
home ranges in 
managed habitat 
Proportion of 
study area in 
managed habitat 
1 
2001 
M 0.37 0.19 
0.17 
F 0.47 0.26 
2002 
M 0.50 0.26 
F 0.63 0.19 
2003 
M 0.58 0.17 
F 0.62 0.21 
2 
2001 
M 0.62 0.20 
0.14 
F 0.72 0.20 
2002 
M 0.55 0.15 
F 0.55 0.13 
2003 M 
0.69 0.15 
F 0.76 0.11 
3 
2001 
M 0.61 0.21 
0.04 
F 0.65 0.12 
2002 
M 0.66 0.08 
F 0.78 0.13 
2003 
M 0.63 0.08 
F 0.67 0.06 
4 
2001 
M 0.85 0.62 
0.18 
F 0.90 0.56 
2002 
M 0.68 0.34 
F 0.76 0.32 
2003 
M 0.73 0.27 
F 0.74 0.30 
5 
2001 
M 0.77 0.79 
0.17 
F 0.85 0.85 
2002 
M 0.75 0.34 
F 0.72 0.22 
2003 
M 0.72 0.34 
F 0.67 0.25 
6 
2001 
M 0.65 0.32 
0.16 
F 0.61 0.29 
2002 
M 0.66 0.37 
F 0.71 0.26 
2003 
M 0.77 0.24 
F 0.74 0.21 
Table 6.12: Proportion of fixes and home ranges occurring in managed habitat (for hens 
and cocks at each of the six sites in 2001, 2002 and 2003) and overall proportion of 
managed habitat on the study sites. 
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Site n 
M ANOVA 
explanatory 
variables 
Term 
df, 
residual 
df 
F P 
All 385 
site*sex*year site:sex:year 10, 349 1.18 0.31 
site+sex+year+site: 
sex+site:year+sex: 
year 
site:sex 5, 359 0.64 0.67 
site+sex+year+site: 
year+sex:year sex:year 2, 364 1.63 0.20 
site+sex+year+site: 
year sex 1, 366 1.18 0.28 
site+year+site: 
year site:year 10, 367 3.41 < 0.001 
1 47 year year 2, 44 3.80 0.03 
2 65 year year 2, 62 8.00 < 0.001 
3 83 year year 2, 80 21.56 < 0.001 
4 58 year year 2, 55 0.27 0.76 
5 60 year year 2, 57 19.21 < 0.001 
6 72 year year 2, 69 1.86 0.16 
Table 6.13: Comparison of habitat use (fixes) against availability (home ranges) differing 
between site, year and sex groups. Summary of ANOVA with model simplification (rows 1 
to 5) as non-significant terms were deleted, for 385 birds. Then modelling sites separately 
(rows 6 to 11) to determine appropriate year groupings (non-significant terms permitted 
pooling of years). 
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Site n 
MANOVA 
explanatory 
variables 
Term 
df, 
residual 
df 
F P 
All 385 
site*sex*year site:sex:year 10, 349 1.77 0.06 
site+sex+year+site: 
sex+site:year+sex: 
year 
site:sex 5, 359 1.14 0.34 
site+sex+year+site: 
year+sex:year sex:year 2, 364 0.86 0.42 
site+sex+year+site: 
year sex 1, 366 0.53 0.47 
site+year+site: year site:year 10, 367 6.10 < 0.001 
1 47 year year 2, 44 0.50 0.61 
2 65 year year 2, 62 1.36 0.26 
3 83 year year 2, 80 8.59 < 0.001 
4 58 year year 2, 55 7.92 < 0.001 
5 60 year year 2, 57 21.50 < 0.001 
6 72 year year 2, 69 0.28 0. 75 
Table 6.14: Comparison of habitat use (home ranges) against availability (study area) 
differing between site, year and sex groups. Summary of ANOVA with model 
simplification (rows 1 to 5) as non-significant terms were deleted, for 385 birds. Then 
modelling sites separately (rows 6 to 11) to determine appropriate year groupings (non- 
significant terms permitted pooling of years). 
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Site Year n Wilks A P Habitat ranking 
1 
2001 18 0.934 0.27 m >u 
2002 8 0.390 < 0.01 m»u 
2003 21 0.253 < 0.001 m»u 
2 
2001 20 0.364 < 0.001 m»u 
2002 25 0.266 < 0.001 m»u 
2003 20 0.173 < 0.001 m»u 
3 
2001 28 0.088 < 0.001 m»u 
2002 27 0.050 < 0.001 m»u 
2003 28 0.071 < 0.001 m»u 
4 All 58 0.553 < 0.001 m»u 
5 
2001 14 0.735 0.04 u»m 
2002 19 0.672 < 0.01 m»u 
2003 27 0.126 < 0.001 m»u 
6 All 72 0.498 < 0.001 m»u 
Table 6.15: Summary of compositional analysis of managed and unmanaged areas 
where use is defined by fixes and availability by the corresponding home range. 
Groupings based on analysis of variance tabulated in 6.12 (page 186). Non-random use 
is indicated by a significant Wilks A value. Ranking is based on mean pairwise 
comparisons of the managed and unmanaged habitats, with the higher rank on the left (nn 
= managed and u = unmanaged). » indicates a significant difference between the 
categories. 
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Site Year n Wilks A P Habitat ranking 
1 All 47 0.960 0.17 m>u 
2 All 65 0.870 < 0.01 m»u 
3 
2001 28 0.158 < 0.001 m»u 
2002 27 0.390 < 0.001 m»u 
2003 28 0.415 < 0.001 m»u 
4 
2001 14 0.424 < 0.001 m»u 
2002 19 0.626 < 0.01 m»u 
2003 25 0.473 < 0.001 m»u 
5 
2001 14 0.237 < 0.001 m»u 
2002 19 0.570 0.001 m»u 
2003 27 0.102 < 0.001 m»u 
6 All 72 0.615 < 0.001 m»u 
Table 6.16: Summary of compositional analysis of managed and unmanaged areas 
where use is defined by home ranges and availability by the study site as a whole. 
Groupings based on analysis of variance tabulated in 6.13 (page 187). Non-random use 
is indicated by a significant Wilks A value. Ranking is based on mean pairwise 
comparisons of the managed and unmanaged habitats, with the higher rank on the left (m 
= managed and u = unmanaged). » indicates a significant difference between the 
categories. 
Pen home ranges and the effects of management 
Mean pen home ranges formed by hen pheasants in the period following release but 
before the shooting season were not affected by the interaction between site and 
stocking density (F5, 4 = 0.25, P = 0.92), or the main effects of site or stocking density (F1, 
9 = 2.49, P = 0.15). Year was significant only at the 90% level (F2, 10 = 2.96, P = 0.10). 
In contrast, analysis of the mean pen home ranges recorded from cock pheasant 
movement during the same time frame revealed a significant interaction between stocking 
density and site (F5, 4 = 6.00, P = 0.05). The retention of this term in the model prevented 
any meaningful test of the main effects of site and stocking density. Deletion testing of the 
year term found it to have a highly significant (F2,4 = 21.90, P < 0.01) effect on the size of 
male pen home ranges. Figure 6.17 illustrates the relationship between stocking density 
and pen home ranges for hens and Figure 6.18 illustrates the same relationship for 
cocks, which is significant for some sites. The differences across sites are illustrated in 
Figure 6.19. 
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Figure 6.19: Differences in mean pen home ranges for all three years for each of the six 
sites, for hens and cocks. 10K.n-15 individuals in each year. Bottom and top of the boxes 
represent the 25 and 75 percentiles respectively, medians shown as horizontal bars and 
error bars represent 1.5 x the interquartile range. Site did not significantly affect the range 
size for hens but the interaction between stocking density and site was significant for the 
male pen home ranges. 
Examination of the minimum adequate model coefficients describing the mean pen home 
ranges for cock birds highlighted positive slope coefficients for all six sites, meaning 
increased stocking densities at each site gave rise to increased mean pen range sizes. 
The slopes for Sites 2, 5 and 6 were all similar and differed significantly from Site 1 (t = 
3.33, P = 0.03; t = 3.01, P = 0.04 and t = 3.67, P = 0.02 for the differences between Site 1 
and Sites 2, 5 and 6 respectively). The Site 1 slope was similar to the slopes of both Sites 
3 and 4. 
The differences across years for the mean male home ranges exposed a significant 
difference between year 3 (2003) and years 1 (2001) and 2 (2002); paired t5 = 3.79, P = 
0.01 and paired t5 = 2.68, P = 0.04 respectively. The mean home range size in 2001 and 
2002 were not significantly different from each other however (paired t5 = 0.34, P = 0.75). 
Similar paired t-tests between years for the hen ranges found significant differences 
between years 2001 and 2003 (paired t5 = 3.20, P = 0.02) but the 2001 data did not differ 
significantly from the 2002 data (paired t5 = 0.70, P = 0.51) nor did the 2003 data from 
that of 2002 (paired t5 = 1.83, P = 0.13). The differences between years for both hens and 
cocks are illustrated in Figure 6.20. 
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Figure 6.20: Mean pen home ranges at all six sites in years 1 (2001), 2 (2002) and 3 
(2003) for hens and cocks, 10/1.15 individuals in each year. Bottom and top of the 
boxes represent the 25 and 75 percentiles respectively, medians shown as horizontal 
bars and error bars represent 1.5 x the interquartile range. Outliers represented by dots. 
2003 ranges are significantly larger than 2001 ranges for hens, and 2003 ranges are 
significantly larger than both 2001 and 2002 ranges for cocks. 
To further examine the highly significant between year differences in mean pen home 
ranges for males and further explore between site differences, a series of variables (as 
described in Table 6.1, page 158) were tested for correlation with the pen range sizes. 
Table 6.17 presents Spearman's rank correlation coefficients for site-specific variables 
and Table 6.18 presents similar results for year attributes. There were no significant 
correlations between the mean pen ranges and the site variables (a = 0.05) but the 
proportion of game cover was positively correlated with the pen range size, significant at 
the 90% level. The only correlation of interest for the year variables was that between the 
mean pen home range and the interval between release and shooting (Time to shoot) 
which was significant only at the 90% level. 
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Sex Explanatory variable n Rho P 
Male Shrubby cover 6 -0.09 0.92 
Male Managed area 6 0.20 0.71 
Male Game crops 6 0.82 0.06 
Male Woodland 6 0.52 0.30 
Male Keeper ha 6 0.46 0.36 
Male Site foxes 6 -0.26 0.66 
Table 6.17: Spearman's rank correlation coefficient and the associated probability value 
for correlation between mean pen home range size for cocks and a selection of site 
variables (n = 6). No significant relationships were detected at the 95 % level but the 
almost significant relationship between the proportion of game cover and range size is 
highlighted in bold. 
Sex Explanatory variable n Rho P 
Male Stocking density 18 -0.18 0.48 
Male Date of release 18 -0.22 0.37 
Male Time to shoot 18 0.44 0.07 
Male Age 18 0.24 0.33 
Male Time to pen opening 18 -0.22 0.38 
Male Year foxes 18 0.05 0.83 
Table 6.18: Spearman's rank correlation coefficient and the associated probability value 
for correlation between mean pen home range size for cocks and a selection of site/year 
variables (n = 18). No significant relationships were detected at the 95 % level but the 
almost significant relationship between the time to the start of shooting and range size is 
highlighted in bold. 
Discussion 
The final section of this chapter discusses the effects of management on movement of 
pheasants from release pens. Departure from inside the release pen is discussed first 
with additional subsections reviewing the effect of management on site fidelity and 
dispersal distances, displacement between fixes, direction of movement, use of managed 
habitat and pen home ranges. Conclusions are presented on page 202. 
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Departure from inside the release pen 
A wide range in the number of days before individuals were first located outside of the 
release pen were observed in this study, from just 7 days through to 66. With two 
exceptions, data was not collected for the 20 days following release, because radio-
tagging did not take place until day 21. Consequently, the overall mean departure of 30 
days following release may be an underestimate of the true value. My figure is, however, 
comparable to the mean time to leaving the pen (27 days after release) reported by 
Robertson (1988). 
The analysis demonstrated that the releasing site and the timing of the pen opening 
affected the time to departure, as might be anticipated. Clearly, the opening up of the pen 
facilitates movement of naïve poults in and out of the pen even if the effects of wing-
clipping (a releasing practice to minimise movement from the pen immediately following 
release) persist (Game Conservancy, 1996). Population density has been linked to 
increased levels of dispersal from natal areas (Greenwood & Harvey, 1982) but there 
were no effects of stocking density upon time to departure from the release pen in this 
study. Similarly, year of release did not have an effect on the time to departure 
suggesting that the site-specific attributes and the gamekeeper's decision to open up a 
release pen are key to determining the pattern of departure from the release pen. 
Further analysis examined variables that might have influenced the timing of pen 
opening. The significant interaction between stocking density and pen size suggests that 
at some sites, the stocking density within a pen contributes to the decision to open the 
release pen and encourage movement away from it. This could be explained if game 
managers open the pen in response to perceived elevated risks to the health of the 
released cohort when a pen is overstocked. This awareness of density dependent 
disease risks is promoted by "best practice" guidelines (Game Conservancy, 1996). Over-
crowding animals has been linked with elevated disease levels (Davis & Swan, 2003) and 
even if disease does not bring about fatalities, the number of substandard individuals 
within the population may increase and there is evidence to suggest that such animals 
are at an increased risk of predation (Temple, 1987; Hudson et aL, 1992). Elevated levels 
of aggression in overstocked pens may also lead to "feather pecking" and consequently 
poor condition (and in extreme cases; mortality) among released birds. This is 
undesirable in itself but can also leave birds susceptible to disease and risk of predation. 
Poults tend to be more visible in smaller release pens. It is likely that the stocking levels 
(and perhaps feather pecking or aggression) were perceived to be unacceptably high in 
the smaller release pens while the actual stocking treatment was less apparent in larger 
release pens with more shrubby cover, thus explaining the interaction between stocking 
density and pen size. 
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Site fidelity and dispersal distances: the effects of management 
Chapter 5 discussed the reasons for marked differences in the movements of hens 
compared to cocks; not only did hens disperse more frequently from the release area, 
they were also located significantly further from the pen. Between site differences and 
between year differences in the mean maximum-distance-moved were explored in the 
analyses of this chapter. Although population density has been linked to dispersal 
(Greenwood et aL, 1979; Greenwood & Harvey, 1982; Watson et aL, 1984) the number of 
male or female poults permanently dispersing from the release area was not influenced 
by stocking density in my study. The experimentally manipulated stocking densities did 
not affect the maximum distance moved by hens or cocks either. 
Other studies of gamebird movement have also failed to detect any connection between 
dispersal and density (Hines, 1986). Pheasant releasing was taking place in up to 26 
other release pens on my study sites and consequently relatively high densities of 
released birds occurred almost uniformly away from study pens. It is possible that the 
manipulated changes in stocking densities were masked by high numbers of pheasants 
estate-wide. Manipulation of releasing densities at the estate level (which was not 
possible in my study) would be required to investigate further. In addition, the 
experimental understocking treatments used in my study may not have been sufficiently 
low to reduce the number of poults permanently departing from the relatively densely 
populated release area. Without monitoring movements of released birds from 
surrounding pens, I was unable to test the hypothesis that individuals leaving the release 
area dispersed until they found an uncontested or less populated area, as detailed by 
Waser (1985). Game managers will typically compensate for the presence of additional 
released birds with provision of additional game cover and food. However, within the 
experimental design of this study, the quantity of game cover and feeding regimes 
remained constant across years at each of the study sites and should not have 
contributed to movement patterns in any way. Testing the relationship between 
movement and levels of feeding across sites was not possible, as the only practical 
measure of the scale of feeding (quantity of food provisioned) is greatly affected by the 
levels of deer, rodents and wild birds at each site, all of which consume the feed intended 
for released pheasants. 
The number of hen pheasants departing and not returning from the release area and the 
maximum distance moved from the release area was affected by both the site and year of 
release. Correlations with a variety of site and year attributes provided little insight into 
the reasons behind dispersal frequency in some sites and years and not others, or the 
variation in distances moved. One exception was the date of release, however, which 
was significantly negatively correlated with the proportion of hens dispersing from the 
release site. This was distinct from the interval between releasing and the onset of 
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shooting. When release took place earlier in the year, hen pheasants were more likely to 
disperse from the release site. Dispersal events are often related to time of year (Newton 
& Marquiss, 1983; Marzluff & Balda, 1989) but the two known periods of local movement 
in wild pheasant populations occur firstly, in autumn when they congregate in wintering 
areas and then in spring when dispersion to breeding sites occurs (Hill & Ridley, 1987). 
Neither period coincides with the early release dates of my study (when greater frequency 
of dispersal occurred), which fell in late June and early July. Other environmental cues 
present in June or July but absent later in the year may prompt dispersal events. 
Temperature (as well as gender and wind strength) for example was found to influence 
natal dispersal distances in radio-tagged buzzard populations (Walls et al., 2005). 
It is possible that the effect of release date upon site fidelity is related to the density of 
pheasants in the surrounding area, if neighbouring pens had not been stocked at the time 
of the June-July experimental releases. The date of releasing in surrounding pens was 
not recorded during this study but females (predisposed to dispersing) that were released 
earlier in the year may move from highly populated areas to lower ones (where releasing 
has not yet occurred). A Swedish study found that early-hatched female marsh tits (Parus 
palustris) dispersed further than later hatched females (Nilsson, 1989) because they 
could become more easily established with flocks and the interaction between newly 
released pheasants and those already present may also contribute to the observed 
result. 
Another plausible explanation for the observed effect of release date upon dispersal 
frequency is the level of cover or vegetation, which can change dramatically between 
June and September. Game crops in particular may continue to grow and provide 
increasing levels of cover throughout this period. Vegetation has been linked to 
movement in a number of studies (Johnson & Beck, 1988; Haas, 1995) and Rodgers 
(2002) found increased height of wheat stubble significantly increased the density of 
pheasants in a given area. The holding capacity of the release area may therefore 
increase as game crops mature leading to decreased dispersal from the release area 
when releasing takes place later in the year. The area surrounding the release pen 
typically includes arable farmland that may already have been harvested when late 
releases occur. The harvested crops and other habitat changes may limit movement from 
the release area, relative to the period preceding harvest and Robertson et al. (1993a) 
found pheasants did move back into woodland as arable crops were harvested. 
The maximum distance moved by hen pheasants was not correlated with the date of 
release. Whilst early birds move away from the release area more often than late 
released birds either the overall distance moved is lower, giving rise to mean distances 
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that do not differ significantly between release dates, or the late-release birds simply 
return more often to the release area following excursions away from it. 
Unlike the results for hens, site did not contribute significantly to the model describing 
maximum distance moved from the release pen by cocks. This may be a consequence of 
the smaller distances moved by cocks. Release pens and the area immediately 
surrounding them are relatively similar across sites and cocks remain within the release 
area more commonly than hens. Consequently, site attributes unmeasured in this study, 
such as patterns of habitat distribution across estates, may influence the movement of 
hens that are ranging further afield but not the cocks remaining, on the whole, closer to 
the release area. Behavioural aspects may also contribute to this finding; site variables 
such as habitat for example may affect cock birds less than say the presence or absence 
of other cock birds. 
The distance of dispersal from the release site was affected by the year of release for 
both cocks and hens. The differences in means from 2002 and 2003 compared with 2001 
observed for hens can be explained by the change in radio-tags used. Significantly higher 
levels of censorship were recorded in 2001 compared to 2002 and 2003 (see Chapter 4; 
page 79) as a consequence of poor signal range on the radio-tags used in the first year of 
study. This almost certainly generated a censorship bias toward the hens moving furthest 
from the pen and led to an underestimate of the maximum distance moved. The change 
of equipment was less problematic for the tracking of cock birds, which dispersed from 
the release area less frequently and moved less distance when they did so. The mean 
distance moved in 2003 by cock birds was significantly greater than that observed in 
2001 but also that observed in 2002, and improved radio-tags cannot explain the 
difference between the years 2002 and 2003. Stochastic processes or variables may 
have resulted in greater movement in 2003 or depressed the maximum distances moved 
by cock birds in 2002. Availability of natural food sources for example have been linked 
with movement of released pheasants (Game Conservancy, 1996). Other studies have 
also reported between year differences in dispersal that were attributed to stochastic 
variables (Greenwood et aL, 1979; Walls et al., 2005). 
Displacement between fixes and the effects of management 
Whilst the frequency of dispersal from the release area and the overall distance moved 
from the release area by hand-reared pheasants are influenced by gender, the mean 
displacement between fixes was not influenced by gender (discussed in Chapter 5; page 
144). The displacement between fixes (both hens and cocks combined) was also 
unaffected by the numbers of birds released into each pen. As with other aspects of 
movement, both site and year explained a significant amount of the deviance in the data. 
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Comparing between years, the mean displacement was greater in 2002 and 2003 than in 
2001. This is probably a consequence of the upgraded radios, which increased the 
probability of locating birds irrespective of their movements. Improved knowledge over 
time of both the study sites themselves and areas known to have been used by the 
tagged pheasants also aided search efficiency and probably led to birds that had moved 
larger distances between fixes being found more often. Upon examination of year 
attributes, a significant correlation between the displacement distances and the interval 
between release and shooting was established. The longer the time between release and 
the onset of shooting, the greater the mean displacement between fixes. This result 
simply reflects the increasing home range sizes and movements over time, as presented 
in Chapter 5 (page 137). It was necessary to compare this release-to-shoot time interval 
(rather than a fixed period of weeks following release) to avoid the excessive noise within 
the dataset generated by the movements of birds being driven on shoot days. An 
unanticipated correlation between displacement distances and a yearly index of predation 
pressure was also detected (significant at the 90% level). Foxes may disturb released 
pheasants, leading to an increased displacement between fixes with rising fox density 
and there is evidence to suggest that predator avoidance is a significant factor in habitat 
selection (Silva et al., 2004; Watson, 2004). It is more likely however that another, 
unmeasured variable influences both displacement between fixes and fox density at 
given sites in given years. 
Site attributes measured in this study did not correlate with the mean displacement 
distances at the 95% level; again, habitat distribution on estates is one variable that could 
explain the distance moved between fixes. Although beyond the scope of this thesis, the 
radio tracking data and habitat distribution data collected during this study could be 
further explored to investigate such a relationship. Gray (1986) suggested that the 
distribution of woodland influenced pheasant movement; he noted that birds were 
reluctant to leave woods that were isolated. There was a positive correlation between the 
number of hectares per gamekeeper and the size of the displacement distances, 
significant only at the 90% level. Some aspect of keeper presence decreases the 
distance moved by pheasants in any one move, but there was no such relationship 
between the gamekeeping effort and mean maximum distances moved or the proportion 
of birds departing from the release area. Gamekeepers may actively drive dispersing 
birds back to release areas with the aid of a dog or a vehicle (Game Conservancy, 1996) 
and would be able to devote more time to such activities when managing smaller areas of 
a shoot. However, we might expect this to impact on the frequency of dispersal from the 
release area as well as the displacement between fixes. 
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Direction of movement and the effects of management 
Trends in direction of movement were not related to stocking density in either the cock or 
hen populations, but a relationship between the sectors used most frequently and the 
proportion of the sectors managed for pheasants was evident at some sites. Site 3 had 
relatively low proportions of the estate as a whole managed specifically for pheasants 
(4%). Sectors with the greatest proportions of management were used more frequently 
than those with less management by both hens and cocks. 
Sites 4 and 6 have relatively high proportions of the whole study area managed for 
pheasant releasing (18% and 16% respectively). The areas managed for pheasants were 
quite similar in proportion across sectors; no relationship between use of sectors and the 
proportion of management were found at these sites. No relationship occurred at Site 2 
either, despite more diversity in the proportion of managed habitat across sectors. This 
site, unlike the other five sites contained large areas of reed beds, which provide 
excellent habitat and stand well through the winter providing warmth and shelter for 
pheasants (Draycott et al., 2002). These reed beds were not subject to supplementary 
feeding or any management for pheasants. 
The remaining sites demonstrated a negative correlation between the use of sectors and 
the proportion of managed habitat within sectors. At Site 1, this relationship was evident 
only for hens. This counter-intuitive finding may be the product of the extremely high 
mortality of birds observed at this site (see Chapter 4). Losses to predators may be 
related to the use of managed areas (Bro et al., 2004) so that birds contributing to this 
analysis were those that survived and did so as a consequence of using sectors of the 
site with less game management. Alternatively, the distribution of the managed areas 
may be influencing movement, even though the overall proportion of managed areas was 
lower in the sectors most heavily used. A number of studies of habitat use by gamebirds 
have highlighted movement patterns along linear structures, which may not represent a 
large proportion of the total area (Warner et al., 1992; Genovesi et al., 1999; Bro et aL, 
2004). Increasing use of sectors with decreasing proportions of managed habitat was 
also observed at Site 5, with a significant relationship for both hens and cocks. The 
distribution of the managed habitat within sectors may be more important in determining 
direction of movement than the overall proportion of managed habitat in any one 
direction. 
Individual use of managed areas 
Unlike the relationships between direction of movement and areas managed for 
pheasants, there was a very clear link between the habitat used by radio-tagged 
pheasants and management in terms of supplementary feeding (which took place in all 
areas of game cover). Comparing firstly the proportion of fixes in managed areas to the 
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proportion of managed areas in the home range of individuals, and secondly the 
proportion of managed areas within home ranges against the proportions in the study 
area as a whole, there was no difference in the use of managed habitat by cocks and 
hens. 
Almost all site and year groups tested used the managed areas significantly more often 
than the availability of these areas, at the expense of unmanaged habitat at both the fix: 
home-range level and home-range:study area level. The proportion of fixes in managed 
habitat was not different to the proportion of managed habitat in home ranges at Site 1, in 
2001, nor did the proportion of managed habitat in each home range differ significantly 
from the proportion of managed habitat available within the study area as a whole for all 
three years pooled. 
The other exception to the general preference for managed habitats observed in released 
pheasant habitat use occurred in 2001 at Site 5. In this instance, unmanaged areas were 
ranked significantly higher than the managed areas when comparing proportion of fixes to 
proportion of home range composition for both habitat categories. The second level of 
analysis for this site/year found ranges contained proportions of managed habitat greater 
in size than the proportions available in the study site as a whole. The first result is 
probably a consequence of a large area of wheat stubble that surrounded the wood in 
which the study pen was sited in the first year of study. Radio-tagged pheasants were 
regularly located in these stubbles in the weeks following release, the majority of which 
were not subject to supplementary feeding. 
One difficulty in interpreting this result is the absence of suitable pheasant habitat that is 
not subject to management specifically for pheasants on most of the study sites. It is not 
possible to definitively answer the question of whether or not feeding and planting of 
cover crops is influencing the movement or habitat selection of released pheasants, or 
whether feeding and siting of cover crops occur in areas where pheasants move 
naturally. Other research has demonstrated a link between supplementary feeding and 
management of movements in Galliformes (Lu & Zheng, 2002; Guthery et al., 2004) and 
Chapter 5 of this thesis highlighted a preference for game cover above other non-
managed edge habitats. 
Pen home ranges and the effects of management 
Increased stocking densities gave rise to increased mean pen home range sizes for 
cocks across all sites, though the relationship was not significant at all sites. There was 
no comparable relationship between stocking density and mean pen home ranges for hen 
pheasants however. Irrespective of stocking levels, hens tend to disperse further away 
from the release pen and do so more often than cocks. Consequently, pen home ranges 
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are quite large for the female released pheasants. Cock birds remain closer to the release 
site and permanently leave the area less frequently than hens generating smaller pen 
ranges. 
Higher stocking densities did not increase the mean dispersal distances or the frequency 
of departure from the release pen in cock birds, but pen home ranges take account of the 
spatial distribution of the tagged cohort. Each individual contributes a mean location to 
the MCP defining pen home range and the size of the range therefore increases with 
increasing mean distance between tagged individuals. Although pheasants are 
gregarious throughout the period of data collection in this study, male-male territorial 
interactions were observed throughout the study, even shortly after release. Territoriality 
was particularly conspicuous around food hoppers and it is possible that at elevated 
releasing densities, subordinate males had to move further apart from dominant cock 
birds to avoid conflict and to locate available resources. Loose territoriality (i.e. 
overlapping territories) has been observed where male densities are high (Hill & 
Robertson, 1988). There was also a correlation between size of home range for cock 
birds and the proportion of game cover in study areas. Game cover effectively increases 
the available proportion of "edge" habitat suitable for male territories. The more of this 
habitat that is provided, the more cock birds can effectively space out into it. A second 
correlation was also noted: the longer the time between release and the onset of 
shooting, the greater the mean pen home range. This result simply reflects the increasing 
home range sizes and movements over time, as presented in Chapter 5 (page 137). 
Pen home ranges for hen pheasants did not differ between sites, despite the fact that 
frequency of dispersal and maximum distance moved varied significantly between sites. 
This is because some hens at each site moved large distances away from the pen and 
MCP's are strongly influenced by "outliers", taking no account of the density of mean 
locations. The pen home ranges were significantly larger in 2003 compared to 2001 and 
this can be attributed to improved efficiency of tracking and decreased censorship of 
dispersing individuals in 2003. 
A similar result was observed for male pheasants in 2003 compared to both 2001 and 
2002 which concurs with the significantly greater maximum distance moved by male 
pheasants in 2003 (discussed above). 
Conclusions 
Release pens are effective in restricting movement immediately following release and the 
first time radio-tagged birds were located outside of the pen was strongly influenced by 
when gamekeepers chose to open up the pen gates. At some sites, with small release 
pens the number of birds released into the pen influenced this decision. A perceived risk 
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of disease, when overstocking is more evident, may explain this finding. When the pen 
gate is opened, released birds are vulnerable to ground predators, which have been 
shown to be a major cause of mortality in this study. Stocking at lower densities to 
decrease the risk of disease or feather pecking problems associated with overcrowding 
could enable game managers to delay pen opening and maximise the length of time in 
which naïve poults are relatively free from the threat of mammalian predators. 
The proportion of birds permanently dispersing from the release area decreased when 
releasing took place later in the year, which may be related to changes in habitat between 
June and September. Stocking density did not influence the distance moved from the 
pen, displacement distances between fixes or the size of pen home ranges for the female 
radio-tagged population. Nor did it affect the distances moved by cocks but the pen home 
ranges for males were significantly larger at some sites when stocking density was 
increased. Larger releases may bring about a different spatial distribution of cock birds 
(due to elevated levels of intrasexual competition), which would generate larger home 
ranges when measured as minimum convex polygons. Though beyond the scope of this 
thesis, analysis of distance to nearest neighbour for the radio-tagged cock birds could be 
explored in the future. 
Areas where supplementary feeding took place were used significantly more frequently 
than non-managed areas at most sites in most years when comparing fix locations to 
home ranges and home ranges to study areas as a whole. The proportion of estates 
managed for pheasants influenced the direction of movement at three of the six study 
sites, though the relationship was not consistent across sites. Further analysis of the 
distribution of the managed habitat would be useful to better understand how to manage 
the movement of released pheasants. 
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Chapter 7: Final discussion 
This chapter discusses the implications of the results presented in Chapters 3, 4, 5 and 6 
addressing first the mortality of the studied pheasants and then their movements. The 
management of survival and movement, and then issues relating to pheasant releasing 
and the wider environment are discussed before a summary of potential future work is 
presented at the close of the chapter. 
General discussion 
Releasing hand-reared pheasants is a common management practice employed in the 
UK wherever the demand for pheasant shooting exceeds the levels sustainable by wholly 
wild populations (Robertson & Rosenberg, 1988). Estimates of the number of pheasants 
released annually are based on data voluntarily submitted to the Game Conservancy 
Trust's National Gamebag Census (NGC). Figures published in 1999 estimate 20 million 
pheasant poults are released in the UK each summer (Tapper, 1999). The number of 
pheasants released per unit area has increased since the 1960s, but the rate of increase 
has slowed from over 5% per year before 1990 to under 2% per year since then 
(Aebischer, 2003). This trend reflects two major changes. Firstly, there has been a 
decrease in wild game populations available for hunting, particularly in the native grey 
partridge (Perdix perdix), which is now the subject of conservation efforts in the UK 
(Potts, 1980). Secondly, alongside these declines in wild game stocks, developments in 
the poultry industry have facilitated the mass production of gamebirds for release 
(Tapper, 1992). Consequently, pheasant rearing and releasing is now the most economic 
method of providing sufficient quarry to meet the requirements of the shooting industry (M 
Swan, pers. comm.). 
For many shoots, the focus of management efforts have shifted away from traditional 
gamekeeping activities such as predator control and managing habitat to increase wild 
pheasant productivity, towards the provision of food and shelter to support high density 
releasing of hand-reared birds. The impact of increased releasing and the associated 
changes in game management are currently under investigation (Hoodless & Draycott, 
2005; Woodburn & Sage, 2005; Callegari, 2006). My study complements such research 
with improved knowledge on the movement of pheasants following release and factors 
that may influence movement, which are presented in Chapters 5 and 6 respectively. 
The success of pheasant releasing is largely measured against shooting returns, which 
are on average 40% in Britain according to the Gamebag Census data (Aebischer, 2003). 
Although the 40% figure compares favourably with return rates using other release 
methods elsewhere in the world (Burger, 1964; Hessler et al., 1970; Haensly et aL, 1985; 
Mayot, 2003) it is based on voluntarily submitted data and in any event should not 
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necessarily be considered the result of best practice in pheasant releasing in the UK. 
There is a need to account for the remaining 60% of the release that are not shot and a 
need to better understand the consequences of management associated with pheasants 
that are released for shooting. My study (Chapter 4) reported the fates of released 
pheasants on six typical lowland shooting estates over three years and demonstrated that 
desired shooting bags could be achieved when stocking densities were experimentally 
decreased below the levels usually practiced at these estates. Releasing more efficiently 
not only has economic benefits for shoots but also has implications for the welfare of 
pheasants and the environment into which they are released. 
Managing mortality of hand-reared birds following release 
The system of releasing hand-reared pheasants into large open-topped pens, employed 
in many parts of the UK is a successful method of delivering mature pheasants (with 
some level of adaptation to the wild) for shooting on professionally managed estates. 
However, the delay between releasing and shooting, necessary to deliver such birds, 
results in depleted numbers of the released birds available to shoot. Steady losses occur 
throughout this period and the extent of mortality varies greatly between release pens. I 
found a connection between the date of release and the proportion of released birds alive 
at the start of the shooting season. In order to optimise the number of pheasants 
available for shooting, my results suggest that birds should be released later in the year 
(late August or early September) than is commonly practiced. Widespread adoption of 
this advice presents a number of practical challenges however. Procuring birds for late 
releases could lead to a concentration of pheasant breeding towards the end of the 
natural breeding season. This increases both the risk of disease on game farms and the 
risk of failing to meet industry demands for pheasant poults. Indeed, it may not even be 
possible to meet demands with late-hatched birds alone even without disease related 
problems, as the duration and productivity of the breeding season is constrained by the 
natural ecology of pheasants. Existing late releases are generally the product of utilising 
the very last batches of viable eggs at the tail end of the breeding season. An alternative 
approach to minimise losses earlier in the season could be to hold birds in enclosed pens 
until late August or early September. Again, there are serious risks of elevating disease 
levels among the reared birds and compromising the condition and feathering of birds (as 
a consequence of both disease and intraspecific aggression). Although not widely 
documented, holding birds in covered pens is practised elsewhere in Europe where aerial 
predators such as Goshawks can be problematic but the welfare implications of such an 
approach should not be dismissed lightly. In addition to consideration of the timing of 
release, the interval between the release and the start of shooting should also be kept to 
the minimum time required for birds to reach maturity, in order to decrease the window of 
opportunity for heavy losses to predation. 
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The average on-estate shooting return from release pens in this study was 30% (36% 
considering both on-estate and off-estate returns) and this compares favourably with 
other releasing systems employed in Europe and the USA, though it is lower than the 
NGC estimate. The NGC estimate may be flawed however, as it is based on the total 
number of pheasants shot (which may include wild birds and birds released on other 
shoots) as a proportion of the number released and game managers (who provide the 
data) have a vested interest in achieving high return rates. Early Game Conservancy 
studies of return-rates from 354 shoots (based on wing-tags collected on shoot days) 
found results comparable to my study with an average return rate of 29.5 % (Bray, 1969) 
though this data-set did include shoots releasing birds less than 5.5 weeks old. 
Other studies of return rates such as Robertson & Rosenberg (1988) support the NGC 
estimate however and there are possible explanations as to why my return rate may 
actually be an underestimate. For example, due to the experimental manipulation of 
releasing levels it is possible that game managers opted to stock the experimental pen 
with "poor quality" birds (in an attempt to minimise the risk of a potentially unreliable 
releasing outcome from the study pen). Alternatively they may have invested less 
resources in the experimental pen than usual (due to lower expectations of the study pen) 
or offered the use of release pens suspected of relative poor performance in relation to 
other release pens on the estates, to gain a better understanding of the movements of 
birds from the study pens. There is no evidence to support these suggestions though and 
game managers cooperated fully with the experimental manipulation. It is also possible 
that the process of tracking the birds led to elevated levels of disturbance that had a 
negative impact on the released cohort and ultimately resulted in lower return rates. It is 
certainly true that where study pens had particularly poor survival rates and consequently 
very low return rates (among both the radio-tagged and wing-tagged populations), this 
poor performance was not reflected in the return rates of the releasing estates as a 
whole. 
Whilst data from the wing-tagged pheasants demonstrated that increasing the number of 
birds released did increase the number of birds that were shot: the proportion of birds that 
were shot was significantly reduced as the stocking density of the pen was increased. 
Given the decline in return rates (as a proportion of the birds released into a given pen) 
when stocking was practiced at higher levels, it is conceivable that shoot managers could 
achieve economic gains by releasing lower levels of birds per hectare of pen than are 
currently practiced. The extremes of the modelled data suggest that a return rate of 33% 
can be achieved when stocking at 573 birds ha -1  of release pen (somewhat lower than 
current recommendations of 700 birds ha-1 (Sage & Swan, 2003)), contrasting with a 
return rate of just 21% when stocking at 4912 birds ha-1. If an estate is planning to shoot 
10,000 birds over a season, and releases at 573 birds ha-1  of pen, an estimated 30,300 
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birds must be released to achieve the 10,000 bird bag. In contrast, the model predicts 
that to shoot the same number of birds when releasing takes place at 4912 birds ha-1  
requires the release of 47,600 pheasant poults. The potential cost savings associated 
with needing to purchase and feed fewer birds in the first scenario are significant but in 
order to achieve reduced releasing densities (in terms of birds per hectare of release 
pen), it may be necessary to either increase the number or size of existing pens. This will 
require additional resources (materials to construct pens, time to feed birds and maintain 
the pens) and may be detrimental to other wildlife if a low-density releasing strategy leads 
to an increase in the quantity of woodland given over to release pens, which are known to 
have a negative impact on woodland flora for example (Sage et al., 2005). 
In line with much of the literature, the greatest source of non-shooting mortality in my 
study was mammalian predation, primarily by foxes (Hessler et al., 1970; Goransson & 
Loman, 1986; Krauss etal., 1987; Leif, 1994; Hoodless et al., 1999; Sage etal., 2001). 
Comparisons of hand-reared and wild gamebirds have demonstrated differences in anti-
predator responses that suggest a learning process is involved in this type of survival 
behaviour (Leopold, 1944; Desforges & Wood-Gush, 1975; Dowell, 1990). The absence 
of parental influence during the intensive rearing process may leave hand-reared birds 
lacking appropriate anti-predator strategies and thus vulnerable following release. Beani 
& Dessi-Fulgheri (1998) report that intensive rearing has not deeply altered anti-predator 
behaviour in captive grey partridge, but juveniles learn to direct specific behaviour at 
specific predators from their parents and therefore hand-reared birds are prone to adopt 
inappropriate anti-predator responses. 
Research efforts have examined how to overcome these behavioural inadequacies in 
some species reared in captivity and released as part of wider conservation efforts. Pre-
release "training" of predator avoidance has the potential to enhance innate anti-predator 
behaviours (Griffin et aL, 2000). This would not be an appropriate course of action in 
attempting to reduce levels of predation in hand-reared pheasants, considering the large-
scale of pheasant releasing in the UK. Decreasing losses to predation are most likely to 
be achieved by decreasing predator pressure at the time of release. Gamekeepers can 
decrease fox populations but efforts are not always effective if only applied to small areas 
(Frey et al., 2003). 
Managing movement of hand-reared pheasants following release 
The magnitude and frequency of movement from the release pens reported in Chapter 5 
do not present problems to shoots covering large areas, which have the ability to site 
pens away from boundaries. This may be problematic to smaller shoots when this is 
unavoidable. Understanding the differences between movements of hens and cocks has 
limited value in terms of managing birds, if hens and cocks are supplied in equal 
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numbers. In general, hens moved further away from the release site and were less likely 
to return to the release area. Overall, both genders used cover crops significantly more 
than other habitat categories and feeding appears to be an effective method of holding 
birds in desired areas. A small number of shoots practice cock-only shooting; hens are 
deliberately not targeted on shoot days in order to optimise the number of hens available 
to contribute to the breeding population at the end of the shooting season. There are only 
anecdotal suggestions that this technique might yield better shooting return rates 
however. 
Release pens themselves are effective in restricting movement immediately following 
release and the first time radio-tagged birds were located outside of the pen was strongly 
influenced by when gamekeepers opened up the pen gates. At some sites, with small 
release pens the number of birds released into the pen influenced this decision. 
Overstocking is more evident in small release pens with less cover, compared to larger 
release pens and keepers may be responding to a perceived risk of disease when the 
pens appear to be more crowded. There is a trade off however, because when the pen 
gate is opened, released birds are more vulnerable to ground predators. Stocking at 
lower densities to decrease the risk of disease or feather-pecking problems associated 
with overcrowding could enable game managers to delay pen opening and maximise the 
length of time in which naïve poults are relatively free from the threat of mammalian 
predators. 
The proportion of birds permanently dispersing from the release area decreased when 
releasing took place later in the year, which may be related to changes in habitat 
structure between June and September. The increased survival observed with later 
release dates, coupled with decreased emigration from the release area form a 
compelling argument in support of releasing in late August or early September where 
release pens are thought to perform poorly. This strategy would not be viable for all 
releases however, due to the difficulties in supplying adequate stock in late 
August/September (as discussed previously). 
Pheasant releasing and the wider environment 
This study demonstrated that in general, released pheasants use game cover in 
preference to other available habitat types. Game cover plots are usually grown in areas 
of low conservation value that would otherwise be utilized for common arable crops. In 
this respect, the presence of game cover may be diverting large numbers of pheasants 
away from semi-natural, permanent landscape features (hedgerows and woodlands) with 
intrinsic conservation value. 
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Careful siting of release pens can potentially eliminate conflicts between vulnerable 
wildlife and large numbers of pheasants. Concurring with other published literature, 
(Ridley, 1983; Gatti et al., 1989) I found the released pheasants were reasonably 
sedentary. Around half of the tagged birds in this study remained within the release area 
for the duration of the study period and the maximum distance moved, on average, was 
just under 1km from the pen. The average displacement between fixes taken at 2-3 day 
intervals was less than 200m. These observations suggest that high densities of 
pheasants will inevitably occur immediately around release pens and associated game 
cover but that densities will be greatly diminished more than 1km away from the release 
pen. Current advice provided by the Game Conservancy Trust recommends siting new 
pens in woodland of low conservation value (Sage & Swan, 2003). Based on the data 
presented in this thesis, wherever there are concerns about the impact of released 
pheasants upon sensitive habitats or species of conservation interest such as the sand 
lizard (Lacerta agilis), it is probably advisable to site release pens more than 1 km from 
the relevant habitat to eliminate any potential conflict. For other less threatened species, 
a buffer zone around the release pen of less than 1 km radius may be appropriate, as 
although pheasants may regularly be present up to 1 km from the release pen, the lower 
densities at this distance may not pose a threat. The impact of increased releasing and 
the associated changes in game management are currently under investigation 
(Hoodless & Draycott, 2005; Woodburn & Sage, 2005; Callegari, 2006). As my study 
demonstrated that movement from the release pen is not uniform in direction, potential 
conflicts should largely be considered on a case-by-case basis, considering the location 
and quantity of habitat managed for pheasants that may influence the direction of 
movement. 
My results link the date of release to both survival and frequency of permanent dispersal 
away from the release area. Releasing later in the year resulted in larger proportions of 
birds alive at the start of the shooting season and decreased levels of permanent 
dispersal. In addition to optimising survival and decreasing emigration, which benefits the 
shoot, there may be conservation gains if releasing takes place in late August or early 
September. Sage et al. (2005) identified a group of "shade-preferring" species of plant 
common to the ground flora of ancient semi-natural woodland that were negatively 
impacted by the presence of release pens. Mechanisms to explain this correlation 
included physical damage to plants and soil (by released pheasants). The majority of the 
named species set seed in the summer months (Grime et al., 1988) and mechanical 
damage to plants before seed is set may lead to a long-term decline in soil seed banks 
and ultimately to an impoverished woodland flora. Delaying releasing until the late 
summer or early autumn, will enable the species vulnerable to pheasant damage (cited 
by Sage et al.) to complete their lifecycles before releasing occurs. 
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Future work 
This study provides a good account of the movements and mortality of hand-reared 
pheasants in the weeks following release (before shooting commences) and goes some 
way toward understanding how releasing outcomes can be influenced by management 
practices. Several areas would benefit from further research however. Although there was 
strong evidence of radio-tagged pheasants using areas in which supplementary feeding 
took place, it is not clear whether or not the areas where supplementary feeding occurred, 
would have been used preferentially irrespective of the supply of food. It was not possible 
to experimentally control the areas in which feeding took place in my study areas (which 
would have facilitated comparison of paired habitat types with and without supplementary 
feeding). All game cover, for example was provisioned with food, making it impossible to 
separate out the effects of feeding from the provision of cover. Mechanical scattering of 
food from the back of a vehicle took place on all study sites and consequently food 
provided in this way was often found along wood edges and field margins (with vehicular 
access). Both my study and published literature confirm that these edge habitats are 
favoured by pheasants (Robertson et al., 1993a). 
The quantity of managed habitat was correlated with direction of movement at three of 
the study sites but two out of three correlations were negative. It is possible that the 
distribution and not overall proportion of managed habitat may be more important in 
determining direction of movement. A number of studies have suggested that the spatial 
distribution of habitats were influential upon the way in which birds move through an 
environment (Gray, 1986; Hinsley & Bellamy, 2000; Bro et aL, 2004; Buner et aL, 2005). 
With substantial data manipulation and analysis in a Geographical Information System 
(GIS), the data gathered in the course of this study could be used to study the 
relationships between spatial distribution of habitat and movement away from the release 
pen. 
A second aspect of movement that could be further analysed is the relationship between 
stocking densities and home range size of cock pheasants. Increased range sizes were 
observed at some sites when greater numbers of pheasants were released (see Chapter 
6). Again, with further manipulation and analysis of the data in a GIS, the relationship 
could be explored by analysing the distances between neighbouring tagged birds. 
Throughout the analyses presented in this thesis, large variations were observed 
between sites and if this study were to be replicated, I would recommend efforts to control 
some of the variables that differed between sites. It was necessary to operate within the 
constraints imposed by working with commercial shooting estates that had volunteered 
pens for study. Although sites that did not meet selection criteria (see page 19) were 
210 
excluded from participating, there was a wide range of pen sizes and "normal" stocking 
levels across the study sites that were used. 
Effects of stocking density were significant in some analyses (opening up of the release 
pen, pen home range size of cocks, proportion of birds shot, number of poults predated) 
but not others. This may be because stocking density only has an impact on some 
aspects of movement but it is possible that the releasing taking place elsewhere on the 
estate will have masked the treatment effects. Manipulation of stocking densities estate 
wide (rather than at individual pens) may possibly have been a more effective way to test 
the hypothesis that stocking densities affect survival and movement. However, recruiting 
estates to participate in such drastic manipulation of their normal releasing regime was 
not possible for this study and is unlikely to be a viable approach for future work. 
Releasing increasing numbers of pheasants is often perceived to be the most cost 
effective way to increase revenue from shooting but my study sites decreased the 
efficiency of the release of wing-tagged birds when the stocking density was increased 
and in some situations cost-savings could be achieved by reducing the levels at which 
release pens are stocked. Further study of movements of pheasants during the shooting 
season may highlight additional ways to manage the movement of birds to optimise 
shooting returns. Access to study sites was restricted in the shooting season, during 
which time some sites were shooting up to 5 days a week. As technological advances in 
radio-telemetry progress, it may be possible to utilise GPS (global positioning system) 
technology in a transmitter small enough to be suitable for attachment to pheasants. The 
use of such transmitters would facilitate the continuous collection of data enabling 
pathway-based analysis to be carried out as well as data collection during periods (like 
the shooting season) where access is otherwise limited. 
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Appendix 1 
The analyses presented here exclude data from 2001 and are provided to enable a 
comparison of outcomes when the data gathered from the tracking of birds with inferior 
radio-tags are excluded. The analyses presented in Chapters 1 — 6 retain the full set of 
data to optimise all information available and maximise the number of explanatory 
variables that can be tested (by retaining 18 degrees of freedom). However, it is possible 
that some measurements (such as mean maximum distance moved) have been 
underestimated because of the quality of the radio-transmitters in 2001, which had a poor 
range of detection. The results presented in this appendix do not offer additional insights 
or conflicting conclusions to those based on the full analyses presented throughout the 
thesis. 
Site fidelity and the effects of management 
The GLM analysing the proportion of female dispersers, excluding the 2001 data could 
not examine the interaction between stocking density and site due to the limits of using 
12 (instead of 18) data points. The main effect of stocking density was found to be non-
significant (X2 = 1.03, P = 0.31, n = 12). The year variable no longer contributed 
significantly to the model at the 95% level (X2 = 3.05, P = 0.08, n = 12) but the site still 
affected the proportion of hen pheasants dispersing from the release area (site; X2 = 
23.14, P < 0.01, n = 12). 
The proportion of male dispersers was also unaffected by stocking density (X2 = 0.01, P = 
0.91, n = 12) and as for the hens, year did not affect the proportions (X2 = 1.42, P = 0.23, 
n = 12) and the minimum adequate model retained only the site explanatory variable (X2 
= 15.19, P < 0.01, n = 12). 
Considering the impact of body mass on the proportion of pheasants dispersing from the 
release area, paired t-tests excluding 2001 data found no difference in mean body mass 
between those that did and did not disperse at each of the sites for either hens (paired t5 
= 0.73, P = 0.50) or cocks (paired t4 = -0.11, P = 0.92). 
Tables A1.1 and A1.2 provide the results of the analyses of proportions of birds 
dispersing correlated with a selection of site and site/yr variables, excluding data from 
2001. 
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Response Explanatory variable n Rho P 
Proportion of females 
dispersing Shrubby cover 6 -0.03 1.00 
Proportion of females 
dispersing Managed area 6 0.09 0.92 
Proportion of females 
dispersing Game crops 6 0.52 0.30 
Proportion of females 
dispersing Woodland 6 0.29 0.56 
Proportion of females 
dispersing Keeper ha 6 0.75 0.10 
Proportion of females 
dispersing Site foxes 6 0.26 0.66 
Proportion of males 
dispersing Shrubby cover 6 0.37 0.50 
Proportion of males 
dispersing Managed area 6 0.77 0.10 
Proportion of males 
dispersing Game crops 6 -0.03 1.00 
Proportion of males 
dispersing Woodland 6 0.61 0.24 
Proportion of males 
dispersing Keeper ha 6 0.32 0.56 
Proportion of males 
dispersing Site foxes 6 0.26 0.66 
Table All: Spearman's rank correlation coefficient and the associated probability value 
for correlation between proportion of dispersing female radio-tagged birds (excluding 
2001 data) and a selection of site variables, then proportion of dispersing male radio- 
tagged birds (excluding 2001 data) and the same set of site variables (n = 6). No 
significant relationships detected. 
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Response Explanatory variable n Rho P 
Proportion of females 
dispersing Date of release 12 -0.39 0.21 
Proportion of females 
dispersing Time to shoot 12 0.34 0.28 
Proportion of females 
dispersing Age 12 0.13 0.68 
Proportion of females 
dispersing Time to pen opening 12 -0.17 0.60 
Proportion of females 
dispersing Year foxes 12 0.22 0.48 
Proportion of males 
dispersing Date of release 12 -0.27 0.37 
Proportion of males 
dispersing Time to shoot 12 -0.05 0.88 
Proportion of males 
dispersing Age 12 0.04 0.90 
Proportion of males 
dispersing Time to pen opening 12 -0.26 0.40 
Proportion of males 
dispersing Year foxes 12 0.24 0.46 
Table A1.2: Spearman's rank correlation coefficient and the associated probability 
value for correlation between frequency of dispersal of female radio-tagged birds 
(excluding 2001 data) and a selection of site/year variables, then frequency of 
dispersal of male radio-tagged birds (excluding 2001 data) and the same set of 
site/year variables (n = 12). No significant relationships detected. 
Maximum distance moved and the effects of management 
The limited number of degrees of freedom when the 2001 data was excluded from 
analysis prevented any interactions from being examined when the maximum distance 
moved was modelled. The main effects of stocking density and year did not contribute 
significantly to the model of maximum distance moved for hens (F1, 4 = 0.02, P = 0.89 and 
F1, 5 = 0.18, P = 0.69 respectively) whilst site significantly affected the maximum distance 
moved by hens (F5, 6 = 18.26, P = 0.001). Neither stocking density nor site contributed 
significantly to the model of male maximum distances moved, with year being the only 
term retained in the minimum adequate model (F1, 4 = 0.27, P = 0.63 and F5, 5 = 0.31, P = 
0.89 and F1, 10 = 15.45, P = 0.002 for the effects of stocking density, site and year 
respectively). 
Tables A1.3 and A1.4 provide the results of the analyses of maximum distance moved 
correlated with a selection of site and site/yr variables, excluding data from 2001. 
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Response Explanatory variable n Rho P 
Mean maximum-distance- 
moved by females Shrubby cover 6 -0.49 0.36 
Mean maximum-distance- 
moved by females Managed area 6 -0.37 0.50 
Mean maximum-distance- 
moved by females Game crops 6 0.52 0.30 
Mean maximum-distance- 
moved by females Woodland 6 -0.12 0.80 
Mean maximum-distance- 
moved by females Keeper ha 6 0.58 0.24 
Mean maximum-distance- 
moved by females Site foxes 6 0.14 0.80 
Mean maximum-distance- 
moved by males Shrubby cover 6 -0.54 0.30 
Mean maximum-distance- 
moved by males Managed area 6 -0.60 0.24 
Mean maximum-distance- 
moved by males Game crops 6 0.39 0.42 
Mean maximum-distance- 
moved by males Woodland 6 -0.35 0.50 
Mean maximum-distance- 
moved by males Keeper ha 6 0.38 0.50 
Mean maximum-distance- 
moved by males Site foxes 6 0.09 0.92 
Table A1.3: Spearman's rank correlation coefficient and the associated probability 
value for correlation between mean maximum-distance-moved by female radio- 
tagged birds (excluding 2001 data) and a selection of site variables, then mean 
maximum-distance-moved by male radio-tagged birds (excluding 2001 data) and the 
same set of site variables (n = 6). No significant relationships detected. 
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Response Explanatory variable n Rho P 
Mean maximum-distance- 
moved by females Date of release 12 0 1.00 
Mean maximum-distance- 
moved by females Time to shoot 12 0.20 0.54 
Mean maximum-distance- 
moved by females Age 12 0.33 0.30 
Mean maximum-distance- 
moved by females Time to pen opening 12 -0.19 0.55 
Mean maximum-distance- 
moved by females Year foxes 12 0.20 0.51 
Mean maximum-distance- 
moved by males Date of release 12 -0.24 0.45 
Mean maximum-distance- 
moved by males Time to shoot 12 0.31 0.32 
Mean maximum-distance- 
moved by males Age 12 0.21 0.51 
Mean maximum-distance- 
moved by males Time to pen opening 12 -0.21 0.51 
Mean maximum-distance- 
moved by males Year foxes 12 0.18 0.57 
Table A1.4: Spearman's rank correlation coefficient and the associated probability value 
for correlation between mean maximum-distance-moved by female radio-tagged birds 
(excluding 2001 data) and a selection of site/year variables, then mean maximum- 
distance-moved by male radio-tagged birds (excluding 2001 data) and the same set of 
site/year variables, (n = 12). No significant relationships detected. 
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Displacement between fixes and the effects of management 
With the 2001 data excluded, the main effects of stocking density, year and site did not 
affect the displacement distance between fixes for hens and cocks (F1, 4 = 0.01, P = 0.92 
and F1,5 = 2.07, P = 0.21 and F5,6 = 2.01, P = 0.21 for the effects of stocking density, 
year and site respectively). 
Tables A1.5 and A1.6 provide the results of the analyses of displacement between fixes 
correlated with a selection of site and site/yr variables, excluding data from 2001. 
Response Explanatory variable n Rho P 
Mean displacement 
between fixes Shrubby cover 6 -0.49 
0.36 
Mean displacement 
between fixes Managed area 6 -0.49 0.36 
Mean displacement 
between fixes Game crops 6 0.21 0.71 
Mean displacement 
between fixes Woodland 6 -0.35 
0.50 
Mean displacement 
between fixes Keeper ha 6 0.55 0.30 
Mean displacement 
between fixes Site foxes 6 0.37 0.50 
Table A1.5: Spearman's rank correlation coefficient and the associated probability 
value for correlation between displacement between fixes of radio-tagged birds and a 
selection of site variables (excluding 2001 data), (n = 6). No significant relationships 
detected. 
Response Explanatory variable n Rho P 
Mean displacement 
between fixes Stocking density 12 -0.04 0.90 
Mean displacement 
between fixes Date of release 12 -0.13 0.68 
Mean displacement 
between fixes Time to shoot 12 0.30 0.33 
Mean displacement 
between fixes Age 12 0.01 0.97 
Mean displacement 
between fixes Time to pen opening 12 0.08 0.79 
Mean displacement 
between fixes Year foxes 12 0.67 0.02 
Table A1.6: Spearman's rank correlation coefficient and the associated probability 
value for correlation between displacement between fixes of radio-tagged birds and a 
selection of site/year variables (n = 12), excluding 2001 data. Significant relationships 
in bold. 
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Pen home ranges and the effects of management 
Excluding the 2001 data from the analysis of home range size for hens found no impact 
of stocking density, year or site (F1, 4 = 0.08, P = 0.80; F1,5 = 3.37, P = 0.13 and F5, 6 = 
3.33, P = 0.09 for the effects of stocking density, year and site respectively). Stocking 
density and site did not influence the male home range size either (F1, 4 = 0.01, P = 0.93 
and F5, 5 = 0.92, P = 0.54 respectively) though year did affect the home range size (F1,10 
= 7.46, P = 0.02). 
Tables A1.7 and A1.8 provide the results of the analyses of home range size correlated 
with a selection of site and site/yr variables, excluding data from 2001. 
Response Explanatory variable N Rho P 
Mean pen home range 
size for hens Shrubby cover 6 -0.14 0.80 
Mean pen home range 
size for hens Managed area 6 -0.37 0.50 
Mean pen home range 
size for hens Game crops 6 0.15 0.80 
Mean pen home range 
size for hens Woodland 6 -0.23 0.66 
Mean pen home range 
size for hens Keeper ha 6 0.17 0.71 
Mean pen home range 
size for hens Site foxes 6 0.03 1 
Mean pen home range 
size for cocks Shrubby cover 6 -0.03 1 
Mean pen home range 
size for cocks Managed area 6 0.14 0.80 
Mean pen home range 
size for cocks Game crops 6 0.70 0.14 
Mean pen home range 
size for cocks Woodland 6 0.43 0.42 
Mean pen home range 
size for cocks Keeper ha 6 0.23 0.66 
Mean pen home range 
size for cocks Site foxes 6 -0.37 0.50 
Table A1.7: Spearman s rank correlation coefficient and the associated probability 
value for correlation between mean pen home range size for hens and a selection of 
site variables (n = 6) excluding 2001 data, then mean pen home range size for cocks 
and a selection of site variables (n = 6) excluding 2001 data. No significant results 
detected. 
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Sex Explanatory variable n Rho P 
Male Stocking density 12 -0.26 0.42 
Male Date of release 12 -0.14 0.67 
Male Time to shoot 12 0.45 0.14 
Male Age 12 0.26 0.42 
Male Time to pen opening 12 -0.27 0.39 
Male Year foxes 12 0.05 0.88 
Table A1.8: Spearman's rank correlation coefficient and the associated probability 
value for correlation between mean pen home range size for cocks and a selection of 
site/year variables (n = 12) excluding 2001 data. No significant results detected. 
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